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Summary
T h e  w o r k  c a r r i e d  o u t  i n  t h i s  t h e s i s  c o n c e r n e d  t he  
s y n t h e s i s  o f  t h e  f u n g a l  m e t a b o l i t e ,  d u c l a u x i n ,  a n d  o t h e r  
p o t e n t i a l  a n t i t u m o u r  c o m p o u n d s .
T h e  s y n t h e t i c  a p p r o a c h  t o  d u c l a u x i n  w a s  to
s y n t h e s i s e  a p y r a n o  [ 1 , 8 - c ] n a p h t h a  1 e n - 1 ( 3 H  ) - o n e  
d e r i v a t i v e  a n d  t h e n  d i m e r i s e  i t  t o  a d e r i v a t i v e  o f  
d u c l a u x i n .  T h e  k e y  s t e p  i n  t h e  s y n t h e s i s  w a s
t r e a t m e n t  o f  t h e  e t h y l e n e  a c e t a l  o f  a c e t o a c e t y l  c h l o r i d e  
w i t h  t h e  a n i o n  o f  m e t h y l  3 , 5 - d i m e t h o x y p h e n y l a c e t a t e  to  
g i v e  t h e  5 - e t h y l e n e  a c e t a l  o f  m e t h y l  2 - ( 3 , 5 -  
d i m e t h o x y p h e n y l ) - 3  , 5 - d i o x o h e x a n o a t e .  T r e a t m e n t  o f
t h i s  a c e t a l  w i t h  a c i d  g a v e  m e t h y l  2 - h y d r o x y - 5 , 7 -  
d i m e t h o x y - 4 - m e t h y  1 n a p h t h a l e n e - 1 - c a r b o x y l a t e  as  t h e  o n l y  
p r o d u c t .  T h i s  n a p h t h a l e n e  w a s  m e t h y l a t e d  t o  g i v e
m e t h y l  2 , 5 , 7 - t r i m e t h o x y - 4 - m e t h y 1 n a p h t h a l e n e  - 1 - 
c a r b o x y l a t e  w h i c h  w h e n  t r e a t e d  w i t h  m e t h o x y  a c e t y l  
c h l o r i d e  a n d  t i n ( I V ) c h l o r i d e  g a v e  t h e  d e s i r e d  l a c t o n e ,  
4 , 6 , 9 - t r i m e t h o x y - 7 - m e t h y l  p y r a n o [ l , 8 - c ] n a p h t h a l e n - l ( 3 / / ) -  
o n e .  B o r o n  t r i b r o m i d e  a n d  a l u m i n i u m  c h l o r i d e  w e r e
u s e d  t o  c l e a v e  o n e  o f  t h e  m e t h o x y  e t h e r s  i n  t h i s  
l a c t o n e .
A  s e r i e s  o f  p o t e n t i a l  a n t i t u m o u r ,  p h o s p h o r u s  
h e t e r o c y c l e s  w e r e  p r e p a r e d .  T h e i r  a c t i v i t i e s  w i l l  be
t e s t e d  a n d  c o m p a r e d .  T h e  m o s t  i m p o r t a n t  s t e p  i n  t h e i r
s y n t h e s i s  w a s  t r e a t m e n t  o f  t h e  a p p r o p r i a t e  e s t e r  w i t h
t h e  a n i o n  o f  e t h y l  p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e )  
a n d  t h e n  t r e a t i n g  t h i s  p - k e t o p h o s p h o n a m i d e  w i t h  b o r o n  
t r i b r o m i d e  to g i v e  t h e  c o r r e s p o n d i n g  c y c l i c  p h o s p h o n a t e .
T h e  s y n t h e s i s  o f  t h e  f u n g a l  m e t a b o l i t e ,  
d i f f e r a n i s o l e  A ,  a n o t h e r  p o t e n t i a l  a n t i t u m o u r  c o m p o u n d ,  
w a s  c o m p l e t e d .  T h e  m a i n  d i f f i c u l t y  i n  t h i s  s y n t h e s i s
w a s  t h e  f i r s t  s t e p  w h i c h  w a s  to c l e a v e  t h e  e t h y l  e s t e r  
g r o u p  o f  e t h y l  3 , 5 - d i c h 1 o r o - 2 - h y  d r o x y - 4  - m e  t h o x  y - 6  - 
p r o p y l b e n z o a t e .  T h i s  w a s  a c h i e v e d  b y  t r e a t m e n t  w i t h
c o l d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  at 0 ° C  f o r  s i x  d a y s  to  
g i v e  3 , 5 - d i c h l o r o - 2 - h y d r o x y - 4 - m e t h o x y - 6 - p r o p y l b e n z o i c  
a c i d ,  d i f f e r a n i s o l e  A .
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Me02C/ ^ / '0Me
( 0
4T h e  p o l y k e t i d e  b i o s y n t h e t i c  r o u t e  l e a d s  a l m o s t  
e x c l u s i v e l y  t o  f u n g a l  m e t a b o l i t e s .  H o w e v e r  e v e n
a m o n g s t  t h e  f u n g i  i t  i s  o n l y  c h a r a c t e r i s t i c  to  s e c o n d a r y  
m e t a b o l i t e s  o f  t h e  F u n g i  I m p e r f e c t i  a n d  t h e  A s c o m y c e t e s .
T h i s  r o u t e  i s  v e r y  r a r e l y  o b s e r v e d  i n  t h e
B a s i d i o m y c e t e s .
A  p a p e r  p u b l i s h e d  b y  J . N .  C o l l i e  i n  1 9 0 7  p u t  
f o r w a r d  s o m e  i n t e r e s t i n g  a n d  i n n o v a t i v e  i d e a s  a b o u t  t h e  
b i o s y n t h e s i s  o f  c e r t a i n  c o m p o u n d s  d e r i v i n g  f r o m  t h e
n
c o n d e n s a t i o n  o f  a c e t a t e  u n i t s .  H e  a l s o  p o s t u l a t e d
t h a t  s o m e  w e l l  k n o w n  l a b o r a t o r y  r e a c t i o n s  s u c h  as  
h y d r a t i o n ,  d e h y d r a t i o n ,  o x i d a t i o n ,  r e d u c t i o n ,  c_- 
a c y l a t i o n  a n d  m e t h y l a t i o n  m a y  i n  f a c t  t a k e  p l a c e
b i o l o g i c a l l y .  I t  w a s n ’ t u n t i l  1 9 5 5  t h a t  s o m e
o
c o n c l u s i v e  e v i d e n c e  a p p e a r e d .  F e e d i n g  e x p e r i m e n t s  by
A . J .  B i r c h  s h o w e d  i s o t o p i c a l l y  l a b e l l e d  s o d i u m  a c e t a t e  
w a s  i n c o r p o r a t e d  i n t o  2 - h y  d r o x y - 6 - m e t h y l b e n z o i c  a c i d  (a  
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f o r w a r d  t w o  y e a r s  p r e v i o u s l y ,  t h a t  t h e  b i o s y n t h e s i s  o f  
m a n y  p h e n o l i c  c o m p o u n d s  m a y  o c c u r  b y  t h e  h e a d - t o - t a i l
Q
l i n k a g e  o f  a c e t i c  a c i d  u n i t s .
T h e  a c y l - p o l y  m a l o n a t e  b i o s y n t h e t i c  r o u t e ^  t o  
n a t u r a l l y  o c c u r r i n g  p h e n o l i c  c o m p o u n d s  i n v o l v e s  
c o n d e n s a t i o n  o f  a n  e n z y m e - b o u n d  c a r b o x y l i c  a c i d  
d e r i v a t i v e  w i t h  a v a r i a b l e  n u m b e r  o f  m a l o n a t e  u n i t s  to  
p r o d u c e  i n t e r m e d i a t e  e n z y m e - b o u n d  | 3 - p o l y k e t o - t h i o l  
e s t e r s  ( 2 ) .  T h i s  i s  s h o w n  in S c h e m e  1.
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CH COSCoAO
| Biotin-ATP-Mg2+-HC03 
CH - COSCoAl
C02h
V
CH„— COS EnzymeI2
c°2h
Chain-propagating unit
intramolecular condensation 
secondary transformations
Phenolic compounds and derivatives
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66 - M e t h y l s  a l i c y  l i e  a c i d  ( 6 - M S A )  ( 3 )  i s  a m e t a b o l i t e
o f  P .  p a t u l u m **  a n d  w a s  o n e  o f  t h e  f i r s t  
e x t e n s i v e l y  s t u d i e d  c o m p o u n d s  i n  t h e  e n z y m o l o g y  o f  
b i o l o g i c a l  s y s t e m s .  I t  h a s  b e e n  r e p o r t e d  t h a t  an
a m m o n i u m  s u l p h a t e  p r o t e i n  f r a c t i o n  f r o m  P .  p a t u l u m
c a t a l y s e s  t h e  s y n t h e s i s  o f  6 - M S A ,  T A L  ( t r i a c e t i c  a c i d  
l a c t o n e )  ( 4 ) ,  a n d  f a t t y  a c i d s  i n  t h e  p r e s e n c e  o f  m a l o n y l -
c o e n z y m e  A  and N A D P H .  It w a s  s h o w n  that  6 - M S A  w a s
i 9
d e r i v e d  f r o m  o n e  a c e t a t e  a n d  t h r e e  m a l o n a t e  u n i t s ,  and
a l s o  b o t h  6 - M S A  a n d  f a t t y  a c i d  s y n t h e t a s e  a c t i v i t y  w e r e  
i n h i b i t e d  by  s u l p h y d r y l  b l o c k i n g  a g e n t s .  P r e v i o u s  w o r k  
h a d  s h o w n  that  p u r i f i e d  6 - M S A  s y n t h e t a s e  s y s t e m  c o n t a i n s  
t w o  s u l p h y d r y l  s i t e s .  A n  i n h i b i t i o n  o f  6 - M S A  s y n t h e t a s e  
a c t i v i t y  b y  a c e t y l e n i c  t h i o e s t e r s  e . g .  3 - h e x y  n o y l - A T -  
a c  e t y 1 c y s t e a m i  n e  g i v e s  i n d i r e c t  e v i d e n c e  f o r  t h e
p r e s e n c e  o f  a n  u n s a t u r a t e d  e n z y m e - b o u n d  t h i o l  e s t e r
i n t e r m e d i a t e  ( 5 ) .  T h i s  s u p p o r t s  t h e  b i o s y n t h e t i c
s c h e m e  o u t l i n e d  in S c h e m e  2.
M y c o p h e n o l i c  a c i d  ( 6 ) ,  a m e t a b o l i t e  o f  P e n i c i l l i u m  
b r e v i c o m p a c t u m ,  i s  an  e x a m p l e  o f  m i x e d  p o l y k e t i d e
i s o p r e n o i d  o r i g i n .  T h i s  h a s  b e e n  p r o v e n  b y
i n c o r p o r a t i o n s  o f  m e t h y  l o r s e l l i n i c  a c i d  ( 7 )  a n d
p h t h a l i d e  ( 8 ) . * ^ ’ *^ O r s e l l i n i c  a c i d  ( 9 )  w a s  n o t
i n c o r p o r a t e d ,  w h i c h  s u g g e s t s  t h a t  i n t r o d u c t i o n  o f  t h e
e x t r a  m e t h y l  g r o u p  o c c u r s  at  t h e  a c y c l i c  p o l y k e t i d e  
s t a g e .  T h e  s i d e  c h a i n  o f  m y c o p h e n o l i c  a c i d  ( 6 ) i s
d e r i v e d  f r o m  f a r n e s o l .  T h e  b i o s y n t h e t i c  s c h e m e  i s  s h o w n  
in S c h e m e  3.
M e t h y l o r s e l l i n i c  a c i d  ( 7 )  h a s  a l s o  b e e n  f o u n d  to  
b e  a n o r m a l  m e t a b o l i t e  o f  t h e  f u n g u s ,  a f a c t  w h i c h
MeCOSCoA + 2CH COSCoA
c o 2h
Enzyme-SH
MeCOCH2COCH2 COS Enzyme + 2C02
NADPH - H OH
OH
MeCOCH CHCH COSEnzymeZ a
(4)
t
MeCOCH CH=CHCOSEnzymea 1
MeC0CH=CHCH2 --- COSEnzyme
HO CCH COSCoA £ &
MeCOCH = CHCH COCH COSEnzyme + CO.J A a
(5)
(i) aldolase
(ii) dehydrase
(iii) deacylase
Me
^ x o 2h 
OH
(3)
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8MeCOSCoA
3CHCOSCoA
C°2h
"C-j” (methionine)
OSEnz
(0
cyclise
MeO
H
(i) introduction of 
Cj side-chain
phthalide 
ring formation
(ii) O-methylation 
(methionine)
(«)
(’ )
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9s u p p o r t s  i t s  r o l e  as  a n a t u r a l  i n t e r m e d i a t e  i n  S c h e m e  3.
M y c o p h e n o l i c  a c i d  h a s  a n t i f u n g a l ,  a n t i b a c t e r i a l  
a n d  m o r e  i m p o r t a n t l y  a n t i c a n c e r  * p r o p e r t i e s .  M a n y
d e r i v a t i v e s  a n d  a n a l o g u e s  h a v e  b e e n  p r e p a r e d ,  b o t h  
c h e m i c a l l y  a n d  m i c r o b i o l o g i c a l l y , b u t  n o n e  i s  as  a c t i v e  
as  t h e  n a t u r a l  p r o d u c t .  R e d u c t i o n  o f  t he  d o u b l e  b o n d ,
c y c l i s a t i o n  t o  c o m p o u n d s  o f  t y p e s  ( 1 0 ) a n d  ( 1 1 ) ,  
m o d i f i c a t i o n  o f  t h e  p h e n o l i c  g r o u p  ( f o r  e x a m p l e  b y  
m e t h y l a t i o n ) ,  o r  o f  t h e  a r o m a t i c  m e t h y l  o r  p h t h a l i d e  
m e t h y l e n e  g r o u p s ,  l e a d  to  d e s t r u c t i o n  o f  a c t i v i t y .
MeO-
P . b r e v i - c o m p a c t u m  i s  a b l e  t o  t r a n s f o r m  n o n ­
n a t u r a l  p r e c u r s o r s ^  s u c h  a s  5 , 7 - d i h y d r o x y p h t h a l i d e
( 1 2 )  i n t o  ( 1 3 )  a n d  6  - g e r a n y 1 - 5 , 7 - d i h y d r o x y 4 -  
m e t h y l p h t h a l i d e  ( 1 4 )  i n t o  ( 6 ) .  T h e  b i o s y n t h e s i s  o f  t he  
a r o m a t i c  p a r t  i s  s l o w e r  t h a n  t h e  b i o s y n t h e s i s  o f  t h e  
t e r p e n o i d  p o r t i o n  o f  t h e  m o l e c u l e .  H a l o g e n a t e d
1 n
a n a l o g u e s  o f  m y c o p h e n o l i c  a c i d  ( 6 ) w e r e  p r o d u c e d  w h e n  
c u l t u r e s  o f  P . b r e v i - c o m p a c t u m  w e r e  f e d  r e s p e c t i v e l y  
w i t h  4 - b r o m o - 5 , 7 - d i h y d r o x y p h t  h a l i d e  ( 1 5 )  a n d  4 - c h l o r o -  
5 , 7 - d i h y  d r o x y p h t h a l i d e  ( 1 6 ) .
(6) R1 = H; R2 = Me; X = Me; Y = h o 2c [c h 2 ]2 C(Me) = CHCH -A
(12) R = R2 = H; X = Y = H
(13) R = R2 = H; X = H; Y = H02C[CH2 ]2 C(Me) = CHCH2-
(14) R = R2 = H; X = Me ; Y = geranyl
(15) R = R2 = H; X == Br; Y = H
(16) R = R2 = H; X = Cl; Y = H
(17) R = H; R2 = Me; X = Br; Y = H02C[CH2]2 C(Me) = CHCH2-
(18) R = H; R2 = Me; X = Cl; Y = HO C[CH ] C(Me) = CHCH -
W h e n  t h e  b r o m o p h t h a l i d e  ( 1 5 )  i s  f e d  to t he  c u l t u r e  
a 1 : 1  m i x t u r e  o f  ( 6 ) a n d  i t s  b r o m o - a n a l o g u e  ( 1 7 )  i s
f o u n d .  L i k e w i s e  w h e n  t he  c h l o r o p h t h a l i d e  ( 1 6 )  i s  a d d e d  
to  t h e  c u l t u r e  a m i x t u r e  o f  ( 6 ) an d  t h e  c h l o r o - a n a l o g u e
( 1 8 )  i s  f o r m e d .  T h e s e  m i x t u r e s  are  s e p a r a t e d  to g i v e
( 1 7 )  and  ( 1 8 ) .  H o w e v e r  it  w a s  f o u n d  t ha t  w h e n  ( 1 5 )
a n d  ( 1 6 )  w e r e  a d d e d  t o  t h e  c u l t u r e  t h e i r  
t r a n s f o r m a t i o n  i n t o  ( 1 7 )  a n d  ( 1 8 )  w a s  s l o w e r  t h a n  t h a t  
o f  t h e  n a t u r a l  p r e c u r s o r s  o f  ( 6 ) .
F o u r i e r - t r a n s f o r m  ( F T )  n m r  i s  e x t r e m e l y  u s e f u l  in
t h e  e l u c i d a t i o n  o f  m a n y  b i o s y n t h e t i c  p a t h w a y s .  T h e
1 8p o l y k e t i d e  b i o s y n t h e t i c  r o u t e  t o  m o l l i s i n  ( 1 9 ) ,  a 
m e t a b o l i t e  o f  M  o l l i s i a  c a e  s i a , w a s  o n e  o f  t h e  f i r s t
I - i i  'i
e x a m p l e s  to u s e  AJC-  C c o u p l i n g .
T w o  b i o s y n t h e t i c  r o u t e s  ( a )  a n d  ( b )  f o r  m o l l i s i n
( 1 9 )  h a v e  b e e n  s u g g e s t e d . ^  H o w e v e r  a n o t h e r  r o u t e  ( c )
vy^1
(19)
(0
SCHEME 4.
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1 1w a s  s h o w n  b y  u s i n g  A J C d o u b l y  l a b e l l e d  a c e t a t e  
( ^ C H 3 ^ C 0 2 N a ,  9 0 %  e n r i c h e d )  to  b e  t h e  t r u e  p a t h w a y
i a t i
( S c h e m e  4 ) .  T h e  r e s u l t s  s h o w e d  t ha t  J C-  C c o u p l i n g  
i s  o b s e r v e d  w i t h  C - 3 ,  C - 6 , C - 1 2  and C - 1 4  but  n o t  w i t h  C-
1 1 .  H o w e v e r  l o w  e n r i c h m e n t  l e v e l  and  l o w  m o l l i s i n  y i e l d  
r e s u l t e d  i n  a p o o r  s i g n a l  t o  n o i s e  r a t i o  o b s c u r i n g  t h e  
1 3 C - 1 3 C c o u p l i n g  o f  C - 2 ,  C - 4 ,  C - 7  and C - 1 3 .  T h e r e f o r e
t h e r e  are  p a i r s  o f  c a r b o n s  at C - 2  and C - 1 2 ,  C - 3  and  C - 4 ,  
C - 6  and C - 7 ,  and C - 1 3  and C - 1 4  ( and  p r o b a b l y  C - 5  and C-  
1 0 ,  a n d  C - 8  a n d  C - 9 )  w h i c h  ar e  d e r i v e d  f r o m  t h e  s a m e  
m o l e c u l e  o f  a c e t i c  a c i d .
A n o t h e r  c a s e  w h e r e  t h e  u s e  o f  s i n g l y  a n d  d o u b l y  
1 -2
l a b e l l e d  C - a c e t a t e  w a s  e x t r e m e l y  v a l u a b l e  w a s  i n  t he
e l u c i d a t i o n  o f  t h e  b i o s y n t h e s i s  a n d  t h e  s t r u c t u r e s  o f
m u l t i c o l i c  a n d  m u l t i c o l o s i c  a c i d s  ( 2 0 ) ,  ( 2 1 ) f r o m
9 0P e n i c i l l i u m  m u l t i c o l o r .  I t  w a s  s h o w n  t h a t  t h e
b i o s y n t h e s i s  o f  m u l t i c o l i c  a c i d  ( 2 0 ) a n d  m u l t i c o l o s i c  
a c i d  ( 2 1 ) i n v o l v e s  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  6 - 
p e n t y  l r e s o r c y  1 i c  a c i d  ( 2 2 ) ,  f o l l o w e d  b y  c l e a v a g e  o f  t h e  
C ( 4 ) - C ( 5 )  b o n d .  T h e  ^3 C - ^ C  c o u p l i n g s  in the  * 3 C nmr
s p e c t r u m  o f  m u l t i c o l i c  a c i d  d e r i v e d  f r o m  d o u b l y  l a b e l l e d  
a c e t a t e  s h o w e d  t h a t  i n t a c t  C 2  u n i t s  w e r e  a r r a n g e d  as  
s h o w n  i n  ( 2 0 ) ,  t h u s  e x c l u d i n g  t h e  p o s s i b i l i t y  o f  
c l e a v a g e  at  C ( l ) - C ( 2 )  in  ( 2 2 )  a n d  t h e  i n t e r m e d i a c y  o f  a 
s y m m e t r i c a l  i n t e r m e d i a t e  s u c h  as  5 - p e n t y l r e s o r c i n o l  ( 2 3 )  
( S c h e m e  5 ) .
13
acetate + 5 malonate
HCk
(20) R=CH OH
(21) R=C02H
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T h e  u s e  o f  H - l a b e l l i n g  i n  t h e  e l u c i d a t i o n  o f
p o l y k e t i d e  b i o s y n t h e s i s  d e v e l o p e d  d u r i n g  t h e  l a t e
9
s e v e n t i e s .  T h e  H - l a b e l  c a n  b e  d e t e c t e d  e i t h e r
d i r e c t l y  b y  H n m r  or  i n d i r e c t l y  t h r o u g h  i t s  c o u p l i n g  to
1 1  | Q
i n t he  n m r  s p e c t r a  o f  m e t a b o l i t e s  e n r i c h e d  f r o m
d o u b l y  l a b e l l e d  [ ^ H , ^ C ] - p r e c u r s o r s .  S t a u n t o n ^ *
s h o w e d  t ha t  t h e  d e t e c t i o n  o f  H t h r o u g h  i t s  c o u p l i n g  to
1 “1 1-3
i n  t h e  AJC n m r  s p e c t r a  o f  m e t a b o l i t e s  d e r i v e d  f r o m
9  i a
d o u b l y  l a b e l l e d  [ H , J C ] - p r e c u r s o r s  o f f e r s  t h e  
p o s s i b i l i t y  o f  e s t a b l i s h i n g  t h e  i n t e g r i t y  o f  C - H  b o n d s
d u r i n g  t h e  c o u r s e  o f  a b i o s y n t h e t i c  p a t h w a y .  In  h i s
i a 9
e x p e r i m e n t s  [ 2 -  J C , 2 -  H ^ J a c e t a t e  w a s  u s e d  to  i n v e s t i g a t e  
t h e  r e t e n t i o n  o f  h y d r o g e n  f r o m  t h e  m e t h y l  g r o u p  o f  
a c e t a t e  i n  t h e  b i o s y n t h e s i s  o f  t h e  p o l y k e t i d e ,  t e r r e i n  
( 2 4 ) .
9  i a
[ 2 -  H j , 2 -  C J a c e t a t e  w a s  i n c o r p o r a t e d  i n t o
c u l t u r e s  o f  A s p e r g i l l u s  t e r r  e u s . T h e  d i h y d r o i s o -
14
c o u m a r i n  ( 2 5 )  i s  a n  e s t a b l i s h e d  i n t e r m e d i a t e  w h i c h  
u n d e r g o e s  an  i n t e r e s t i n g  r i n g  c o n t r a c t i o n  t o  g i v e  ( 2 4 )  
( S c h e m e  6 ).
(25)
CD.
( 2.)
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T h e  1 J C  n m r  s p e c t r u m  o f  t e r r e i n  ( 2 4 )  e n r i c h e d  w i t h
1 o o
[ 2 - C , 2 - H ^ l a c e t a t e  s h o w e d  i n t e n s e  s i g n a l s  f o r  C - l ,
C - 3 ,  C - 5  a n d  C - 8 , i n d i c a t i n g  t h a t  * ^ C  h a d  b e e n
i n c o r p o r a t e d  a t  t h e s e  p o s i t i o n s .  T h e  p r e s e n c e  o f
d e u t e r i u m  o n  C - l ,  C - 3  and C - 8  w a s  s h o w n  b y  c o m p a r i n g
t h e i r  l o w e r e d  i n t e n s i t y  t o  C - 5  ( w h i c h  c a n n o t  r e t a i n
1 1d e u t e r i u m ) .  T h e  d e u t e r i u m - d e c o u p l e d  C n m r  s p e c t r u m
2 2c o n f i r m e d  t h a t  C - l  i s  a c h a i n  s t a r t e r  u n i t .  T h e
s p e c t r u m  s h o w e d  a s i n g l e t  at 1 7 . 9 5 p p m  ( 0 . 8 1 p p m  u p f i e l d
o f  t h e  n o r m a l  c h e m i c a l  s h i f t  v a l u e  f o r  C - l )  w h i c h  w a s  
a s s i g n e d  to m o l e c u l e s  t r i s u b s t i t u t e d  w i t h  d e u t e r i u m  at
t h i s  p o s i t i o n  ( t h e  n o r m a l  c h e m i c a l  s h i f t  d i f f e r e n c e  f o r  
i s o t o p i c  s u b s t i t u t i o n  i s  c a .  0 . 3 p p m  f o r  e a c h  d e u t e r i u m ) .  
T h e r e  i s  a l s o  a d o u b l e t  (>^c_h 1 2 3  H z )  at 1 8 . 2 2 p p m
( 0 . 5 5 p p m  u p f i e l d  f r o m  n o r m a l )  w h i c h  i n d i c a t e s  m o l e c u l e s  
l a b e l l e d  w i t h  C H D 2 . T h e  p r e s e n c e  o f  an e n r i c h e d  C H ^  
s i n g l e t  ( i n  t h e  n o i s e  d e c o u p l e d  s p e c t r u m )  s h o w s  t hat
t h e r e  i s  c o n s i d e r a b l e  e x c h a n g e  o f  h y d r o g e n  f r o m  t h e
m e t h y l  g r o u p  d u r i n g  b i o s y n t h e s i s . T h e H n o i s e
15
d e c o u p l e d  s p e c t r u m  a l s o  s h o w e d  s i n g l e t s  at 1 2 5 . 3 p p m  and
9
1 2 4 . 8 p p m  f o r  C - 3  and C - 8  e a c h  c a r r y i n g  o n e  H o n l y .
A n o t h e r  m e t h o d  f o r  d e t e c t i n g  h y d r o g e n  i s o t o p e s  i s  
by  u s i n g  t r i t i u m  n m r .  T h i s  t e c h n i q u e  b e c a m e  a v a i l a b l e  
at a b o u t  t h e  s a m e  t i m e  as  H n m r .  O n e  o f  t h e  f i r s t
r e p o r t e d  b i o s y n t h e t i c  a p p l i c a t i o n s  o f  H n m r  w a s  a s t u d y
-2
o f  t h e  i n c o r p o r a t i o n  o f  [ J H ] a c e t a t e  i n t o  p e n i c i l l i c
9  a
a c i d  ( 2 6 ) ,  a m e t a b o l i t e  o f  P e n i c i l l u m  c y c l o p i u m .  T h e  
r e s u l t s  a r e  as  s h o w n  i n  S c h e m e  7 ,  w h e r e  t r i t i u m  w a s  
f o u n d  t o  b e  p r e s e n t  at  t h e  3 - ,  5 -  a n d  7 -  p o s i t i o n s ,
c o n s i s t e n t  w i t h  t h e  o v e r a l l  m o d e  o f  b i o s y n t h e s i s .
( 28)
CHJ
( 26) 
SCHEME 7.
T h e  7 -  p o s i t i o n  s h o w e d  l e s s  e x c h a n g e  o f  t r i t i u m
16
l a b e l  t h a n  t h e  3 -  and  5 -  p o s i t i o n s .  T h i s  i s  d u e  to  t he
7 - p o s i t i o n  b e i n g  d e r i v e d  f r o m  a c h a i n - s t a r t e r  m e t h y l  
g r o u p  r a t h e r  t h a n  an  a c t i v a t e d  c h a i n - b u i l d i n g  m e t h y l e n e  
p o s i t i o n .
B o t h  [ ^ H ^ l m a l o n a t e  ( 2 7 )  a n d  [ 3 , 5 - ^ f ^ l o r s e l l i n i c  
a c i d  ( 2 8 )  w e r e  a l s o  i n c o r p o r a t e d  i n t o  t h e  f u n g u s .  W h e n
'i
[ H 2 ] m a l o n a t e  i s  i n c o r p o r a t e d  o n l y  t h e  3 -  a n d  5 -  
p o s i t i o n s  ar e  l a b e l l e d  ( S c h e m e  8 ).
[ 3H ] malonate 
2
(27)
(26)
SCHEME 8.
T h e r e  w a s  a v e r y  h i g h  e x c h a n g e  at C - 3 ,  w h e r e a s  C- 5
w a s  s e l e c t i v e l y  l a b e l l e d .  T h i s  g i v e s  s o m e  c l u e s  to
t h e  n a t u r e  o f  s o m e  o f  t h e  c o m p l e x  b i o s y n t h e t i c  s t e p s  
w h i c h  c o u l d  n o t  h a v e  b e e n  o b t a i n e d  f r o m  s t u d i e s  u s i n g  
c a r b o n  i s o t o p e s .
-3
A s  s h o w n  i n  S c h e m e  7 [ 3 , 5 -  f ^ j o r s e l l i n i c  a c i d
( 2 8 )  h a s  b e e n  f o u n d  t o  b e  an a d v a n c e d  p r e c u r s o r  b y  
i n c o r p o r a t i o n  o f  t r i t i u m  i n t o  ( 2 6 )  w i t h  t h e  s a m e  p a t t e r n  
o f  d i s t r i b u t i o n  o f  l a b e l s  b e t w e e n  t h e  5 a -  a n d  513-
p o s i t i o n s  as  t h e  e s t a b l i s h e d  p r e c u r s o r s .
a
T h e r e  a r e  d e f i n i t e  a d v a n t a g e s  o f  H n m r
s p e c t r o s c o p y  o v e r  m o r e  c o n v e n t i o n a l  m e t h o d s  a n d  i n d e e d
17
i t  c a n  b e  e v e n  m o r e  u s e f u l  w h e n  u s e d  i n  c o n j u n c t i o n  w i t h  
o t h e r  m e t h o d s .  H o w e v e r  h i g h  i n c o r p o r a t i o n  r a t i o s  are  
r e q u i r e d  a n d  t h e  h i g h  l e v e l  o f  r a d i o a c t i v i t y  m a y  b e  
h a z a r d o u s .
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1 . 2  I n t r o d u c t i o n  to A n t i c a n c e r  A g e n t s .
T h e  s e a r c h  f o r  n a t u r a l  p r o d u c t s  a s  p o t e n t i a l
a n t i c a n c e r  a g e n t s  d a t e s  b a c k  at  l e a s t  t o  t h e  E b e r s
p a p y r u s  i n  1 5 5 0  B . C . ^  H a r t w e l l ’ s i n v e s t i g a t i o n s  o n
t h e  a p p l i c a t i o n  o f  p o d o p h y l l o t o x i n  ( 2 9 )  a n d  i t s
d e r i v a t i v e s  a s  a n t i c a n c e r  a g e n t s  s t a r t e d  t h e  a c t u a l
*7  ^ *7 f\s c i e n t i f i c  r e s e a r c h  i n  t h e  e a r l y  1 9 5 0 ’ s .  ’
OCB
(29)
M a n y  h u n d r e d s  o f  a c t i v e  c o m p o u n d s  h a v e  s o  far b e e n
9  7i s o l a t e d  f r o m  p l a n t ,  m a r i n e  a n d  m i c r o b i a l  s o u r c e s .  
A l t h o u g h  r e l a t i v e l y  f e w  o f  t h e s e  l e a d  c o m p o u n d s  h a v e  
s u r v i v e d  t h e  r i g o r o u s  t e s t i n g  r e q u i r e d  b e f o r e  
i n t r o d u c t i o n  i n t o  n o r m a l  c l i n i c a l  u s e ,  t h o s e  t h a t  h a v e  
d o n e  s o  h a v e  p r o v e d  e n o r m o u s l y  b e n e f i c i a l ,  a n d  c a n c e r  
t r e a t m e n t  w o u l d  b e  g r e a t l y  i m p o v e r i s h e d  w i t h o u t  s u c h  
d r u g s  a s  v i n c r i s t i n e ,  v i n b l a s t i n e ,  a d r i a m y c i n ,  
a r t h r a m y c i n  a n d  o t h e r  n a t u r a l  p r o d u c t s .  N o t  o n l y  are
n a t u r a l  p r o d u c t s  i m p o r t a n t  in c a n c e r  t r e a t m e n t  i n  t h e i r  
i s o l a t e d  f o r m ,  b u t  f o r m a t i o n  o f  a n a l o g u e s  w i t h  i m p r o v e d  
a c t i v i t y  s o m e t i m e s  i s  a l s o  e x t r e m e l y  i m p o r t a n t .
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T h e  n o v e l  d i t e r p e n o i d  t a x o l  ( 3 0 )  h a s  b e c o m e  o n e  o f  
t h e  m o s t  i m p o r t a n t  l e a d  c o m p o u n d s  t o  e m e r g e  f r o m  t h e  
s c r e e n i n g  o f  n a t u r a l  p r o d u c t s  i n  r e c e n t  y e a r s .  W a l l
a n d  h i s  c o w o r k e r s  f i r s t  i s o l a t e d  t a x o l  ( 3 0 )  f r o m  t h e  
s t e m  b a r k  o f  t h e  w e s t e r n  y e w ,  T a x u s  b r e v i f o l i a  i n
9  o
1 9 7 1 .  T a x o l  h a s  p o t e n t  a n t i l e u k a e m i a  a n d  t u m o u r
i n h i b i t o r y  p r o p e r t i e s  a n d  i s  t h e  f i r s t  c o m p o u n d  
p o s s e s s i n g  t h e  t a x a n e  r i n g  w h i c h  h a s  b e e n  d e m o n s t r a t e d  
to  h a v e  s u c h  a c t i v i t y .
AcQ
BzNH 0 -
AcO
O Bz
( 30)
I t  h a s  s h o w n  s i g n i f i c a n t  a c t i v i t y  a g a i n s t  v a r i o u s  
l e u k a e m i a s ,  t h e  W a l k e r  2 5 6  c a r c i n o s a r c o m a ,  S a r c o m a  
1 8 0 ,  a n d  t h e  L e w i s  l u n g  t u m o u r .  T h e  o n l y  d i f f i c u l t y  
t hat  h e l d  up  t he  d e v e l o p m e n t  o f  t h i s  c o m p o u n d  as  a d r ug  
w a s  a c t u a l l y  i s o l a t i n g  i t ,  a n d  i t s  l i p o p h i l i c i t y  m a d e  
f o r m u l a t i o n  d i f f i c u l t .  C l i n i c a l  t r i a l s  o n  t h i s
c o m p o u n d  h a v e  b e e n  s h o w n  to be  e x t r e m e l y  e n c o u r a g i n g .  
It  w a s  s h o w n  t h a t  t a x o l  h a s  e x c e l l e n t  a c t i v i t y  a g a i n s t  
o v a r i a n  c a n c e r .
T h e  t o t a l  s y n t h e s i s  o f  t a x o l  h a s  y e t  t o  b e  
a t t a i n e d  b u t  a s i m p l e r  d e r i v a t i v e  h a s  b e e n  s y n t h e s i s e d
by H o l t o n  and h i s  c o - w o r k e r s . ^  T h e  c o m p o u n d  w h i c h  w a s
a c t u a l l y  s y n t h e s i s e d  w a s  t a x u s i n  ( 3 1 ) .
(31)
T h e  p a r t i a l  s y n t h e s i s  o f  t a x o l  f r o m  t h e  s i m p l e r  
d i t e r p e n o i d  b a c c a t i n  ( 3 2 )  h a s  b e e n  r e p o r t e d .  T h i s
a p p r o a c h  t h u s  o f f e r s ,  i n  p r i n c i p l e ,  a s o u r c e  o f  t a x o l  
f r o m  t h e  r e n e w a b l e  r e s o u r c e  o f  y e w  l e a v e s ,  as  o p p o s e d  to  
y e w  b a r k ,  s i n c e  i n  o r d e r  to  o b t a i n  s u f f i c i e n t  a m o u n t s  o f  
t a x o l  a l a r g e  p a r t  o f  t h e  p a c i f i c  y e w  a n d  i t s  h a b i t a t ,  
t h e  v i r g i n  r a i n f o r e s t ,  i s  t h r e a t e n e d .
AcO
OBz
(32)
A l t h o u g h  c h e m o t h e r a p y  f o r  c a n c e r s  w i t h  a h i g h
g r o w t h  f r a c t i o n  h a s  a c h i e v e d  i m p o r t a n t  a d v a n c e s ,  l i t t l e
i m p a c t  h a s  b e e n  m a d e  o n  t he  s o l i d  h u m a n  c a n c e r s  s u c h  as
l u n g ,  c o l o n ,  b r e a s t ,  o v a r i a n ,  p r o s t a t e ,  p a n c r e a s  a n d  
3 0b r a i n .  N e w  d i r e c t i o n s  w i l l  h o w e v e r  h a v e  to b e  t a k e n
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i n  t h e  a p p r o a c h  t o  d i s c o v e r y  o f  d r u g s  f o r  t h e s e  
d i s e a s e s .  T h i s  h a s  p r o c e e d e d  r e c e n t l y  w i t h  an  a i m  to
u n c o v e r i n g  n o n - t o x i c  a g e n t s  w h i c h  m i g h t  p r e v e n t  t h e  
d e v e l o p m e n t  o f  c a n c e r .
R e c e n t  s t u d i e s  o n  t u m o u r  c e l l  c y t o t o x i c  a g e n t s  
f r o m  p l a n t s  w i l l  b e  d i s c u s s e d .
1.  C o n s t i t u e n t s  o f  t h e  A n n o n a c e a e : S e v e r a l  n o v e l
c y t o t o x i c  p o l y k e t i d e s  h a v e  b e e n  e x t r a c t e d  f r o m  t h e  s t e m
-3 1 TO
b a r k  o f  A n n o n a  d e n s i c o m a . * A n n o n a c i n  w a s  t h e
f i r s t  m e m b e r  o f  t h e  C 3 5 p o l y k e t i d e  ( a c e t o g e n i n )  s e r i e s
to  be  d i s c o v e r e d .  T h i s  s e r i e s  w a s  f o u n d  to p o s s e s s  a
s i n g l e  t e t r a h y d r o f u r a n  r i n g  i n  c o n t r a s t  t o  t h e  m o r e
c o m m o n  C 3 7  p o l y k e t i d e  ( a c e t o g e n i n )  s e r i e s ,  w h i c h  h a s
t w o  a d j a c e n t  t e t r a h y d r o f u r a n  g r o u p s .  O n e  s u c h
a c e t o g e n i n  i s  r o l l e n o n e  ( 3 3 )  w h i c h  a l s o  b e a r s  a y -
3 3l a c t o n e  a n d  i s  i s o l a t e d  f r o m  R o  11 i n i  a p a p i  I i o n e  I l a  .
I t  d e m o n s t r a t e d  c y t o t o x i c i t y  a g a i n s t  t h e  P - 3 8 8  
l y m p h o l y t i c  l e u k a e m i a  i n  v i t r o  a n d  a c t i v i t y  i n  v i v o  
a g a i n s t  t h e  P - 3 8 8  l y m p h o l y t i c  l e u k a e m i a  in m i c e .
( 3 3 )
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I s o a n n o n a c i n  a n d  i s o a n n o n a c i n o n e  a r e  t h e  f i r s t  
r e p o r t e d  m e m b e r s  o f  t h e  i s o - s e r i e s  o f  C 3 5  p o l y k e t i d e s .  
T h e s e  c o m p o u n d s  h a v e  d e m o n s t r a t e d  v e r y  i n t e r e s t i n g  
s e l e c t i v e  c y t o t o x i c i t y  i n  h u m a n  t u m o u r  c e l l  l i n e s .
2 .  C o n s t i t u e n t s  o f  M o s s e s  ( T h u i d i a c e a e ) : A n t i t u m o u r
a c t i v i t y  w a s  d i s c o v e r e d  i n  b r y o p h y t e s  i n  1 9 8 0 .  
C  l a o p o d i u m  c r i s p i f o l i u m  s h o w e d  s i g n i f i c a n t  a n t i t u m o u r  
a c t i v i t y .  T h e r e  w a s  a m i n o r  c y t o t o x i c  c o n s t i t u e n t
i s o l a t e d  w h i c h  i s  k n o w n  as a n s a m i t o c i n  P - 3  ( 3 4 ) .
O )
3.  S t u d i e s  o n  P o l v t r i c h u m  o h i o e n s e  ( P o l y  t r i c h a c e a e ) :
A  s e r i e s  o f  n o v e l  n a t u r a l  p r o d u c t s  n a m e d  o h i o e n s i n s  A
( 3 5 ) ,  B ( 3 6 ) ,  C ( 3 7 ) ,  D ( 3 8 ) ,  a n d  E ( 3 9 ) .  T h e  s t r u c t u r e
o f  i s o m e r  o h i o e n s i n  A  w a s  e s t a b l i s h e d  b y  X - r a y  a n a l y s i s
t o  b e  a n o v e l  p o l y c y c l i c  b e n  z o [ c ]  n a p h  t h o x  a n  t h e n o n e
s y s t e m  t ha t  a p p a r e n t l y  r e s u l t s  f r o m  c o u p l i n g  o f
o - h y d r o x y c i n n a m a t e  a n d  h y d r o x y l a t e d  b i b e n z y l  
3 4p r e c u r s o r s .
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(35) R = R2 = R3 = R4 = H, R5 = OH Ohioensin A
(36) R = R2 = R4 = R5 = H, R3 = OH Ohioensin B
(37) R = R4 = R5 = H, R2 ° Me, R3 = OH Ohioensin C
(38) R = r 5  = R,
R2 =
Me, R3 = R4 = OH Ohioensin D
(39) R = r5 = K, R2 = Me, R3 = OH, R. = OMe Ohioensin 4
4 .  S t u d i e s  o n  P a r a r i s t o l o c h i a  f l o s - a v i s : T w o  n e w
a r i s t o l a c t a m s ,  FI  ( 4 0 )  a n d  F I I  ( 4 1 )  w e r e  i s o l a t e d  f r o m
1  C
a c t i v e  e x t r a c t s  o f  P a r a r i s t o l o c h i a  f l o s - a v i s .  
A r i s t o l a c t a m - I  ( 4 2 )  a n d  - A l l  ( 4 3 )  w e r e  a l s o  i s o l a t e d  
f r o m  t h i s  p l a n t .  A r i s t o l a c t a m - A I I  s h o w e d  c y t o t o x i c i t y  
a g a i n s t  PS a n d  K B  c e l l s  i n  c u l t u r e .  A r i s t o l a c t a m  A l l
s h o w e d  a p p r o x i m a t e l y  t e n f o l d  s e l e c t i v e  c y t o t o x i c i t y  
a g a i n s t  h u m a n  s m a l l  c e l l  l u n g  and c o l o n  t u m o u r s .
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(40) R = = H , R^ = OMe, R ^  = OH aristolactam FI
(41) R = R = OMe, R^ = OH, R * ^  = H aristolactam FII
(42) R = H; R1, R111 = 0-CH2~0; R111 = OMe aristolactam I
(43) R = R*"^ = H, R^ = OH, R ^  = OMe aristolactam All
A  n e w  t e t r a l o n e  d e r i v a t i v e  and  a n e w  l i g n a n  n a m e d  
f l o s s o n o l  ( 4 4 )  a n d  ( - ) - p h i l l y  g e n i n  ( 4 5 )  r e s p e c t i v e l y  
h a v e  b e e n  i s o l a t e d  f r o m  t h e  a c t i v e  p a r t  o f  t h e  s a m e  
p l a n t .  F l o s s o n o l  ( 4 4 )  w a s  f o u n d  t o  b e  c y t o t o x i c  to
m u r i n e  l e u k a e m i a  c e l l s  i n  c u l t u r e .  ^
25
MeO-
Me
(44)
MeO-
(45)
5 .  S t u d i e s  o n  P o d o c a r p u s : T h i s  g e n u s  i s  w i d e l y
d i s t r i b u t e d  i n  t r o p i c a l  a n d  s u b t r o p i c a l  a r e a s  o f  e a s t e r n  
A s i a  a n d  t h e  s o u t h e r n  h e m i s p h e r e  a n d  i s  a w e l l  k n o w n
i 7
r i c h  s o u r c e  o f  t e r p e n i c  s u b s t a n c e s .  A  n u m b e r  o f  n o r ­
a n d  b i s  n o r - d i t e r p e n e  d i l a c t o n e s  h a v e  b e e n  i s o l a t e d .  
T h i s  g r o u p  o f  c o m p o u n d s  s h o w s  a n t i t u m o u r  a c t i v i t y ,  p l a n t  
g r o w t h  r e g u l a t o r y  a c t i v i t y ,  t e r m i t i c i d a l  a c t i v i t y  a n d  
t o x i c i t y  t o w a r d  i n s e c t  l a r v a e .  T h e  c y t o t o x i c
n o r - d i t e r p e n e  d i l a c t o n e s ,  n a g i l a c t o n e  F ( 4 6 )  a n d  i t s  n e w  
c o n g e n e r  n a g i l a c t o n e  G ( 4 7 )  w e r e  i s o l a t e d  f r o m  t h e  s t e m  
b a r k  o f  P o d o c a r p u s  s e l l o w i i  a n d  P o d o c a r p u s
-1 o
m i  l a n j  i a n u s . °
6 . C o n s t i t u e n t s  o f  P s o r o s p e r m u m  f e b r i f u g u m : D e t a i l e d
s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  o n  t h e  f  u r a n o x a n t h o n e  
p s o r o s p e r m i n  ( 4 8 )  d u e  t o  i t s  s i g n i f i c a n t  c y t o t o x i c i t y  
a n d  a n t i t u m o u r  a c t i v i t y .  ^  P s o r o s p e r m i n  ( 4 8 )  w a s
o r i g i n a l l y  i s o l a t e d  by  K u p c h a n  a n d  c o - w o r k e r s .  T h e
a b s o l u t e  s t e r e o c h e m i s t r y  w a s  a s s i g n e d ^  a n d  a s e r i e s  o f  
n o v e l  b i o a c t i v e  a n a l o g u e s  w a s  d i s c o v e r e d .  T h e s e
a n a l o g u e s  i n c l u d e  3 ^ , 4 ^ - d e o x y p s o r o s p e r m i n ;  3 ^ , 4 ^ - d e o x y -  
p s o r o s p e r m i n - 3 ^ , 4 ^ - d i o l ;  3 ^ , 4 ^ - d e o x y - 4 - c h l o r o p s o r o -  
s p e r m i n - 3 ^ - o l ;  a n d  Q  ^- m e t h y l - 3 ^ , 4 ^ - d e o x y p s o r o s p e r m i n - 3 ^ -
o l .  It  w a s  f o u n d  a f t e r  e x a m i n i n g  s o m e  a n a l o g u e s  o f  
p s o r o s p e r m i n ,  e . g .  p s o r o s p e r m i n - d i o l  ( 4 9 )  a n d  3  ^- 0_- 
a c e t y  l p s o r o s p e r m i n - d i o l  ( 5 0 ) ,  t h a t  t h e  m o s t  p o t e n t
c y t o t o x i c  a g e n t s  i n  t h e  s e r i e s  p o s s e s s  an  a l k y l a t i n g  
g r o u p  at  t h e  3^,4^ p o s i t i o n .  C o m p o u n d s  l a c k i n g  t h i s
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g r o u p  s h o w  o n l y  b o r d e r l i n e  c y t o t o x i c i t y .
0 OCH. 0 OCR
HO ^ 0 f"»H
A - C H 3
(w)
0 OCH.
HO L j L
> % 3 
f  OH
AcO
(so)
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1 .3  B a c k g r o u n d  to C a n c e r
S i m p l y ,  c a n c e r  i s  d e s c r i b e d  a s  t h e  c o n t i n u a l ,  
u n c o n t r o l l e d  p r o d u c t i o n  o f  c e l l s  t h a t  ar e  o f  n o  b e n e f i t  
t o  t h e  b o d y   ^ I n  m o s t  c a s e s ,  a s  t h e  c e l l s
p r o l i f e r a t e ,  t h e y  f o r m  a s w e l l i n g  o r  " t u m o u r " .
T u m o u r s  h a v e  b e e n  r e c o g n i s e d  e v e r  s i n c e  t h e  t i m e  o f  the
a n c i e n t  G r e e k s .  T h e  w o r d  " c a n c e r "  o r i g i n a t e d  f r o m
t h e  L a t i n  f o r  c r a b ,  w h i c h  i s  u s e d  t o  d e s c r i b e  t h e  
a p p e a r a n c e  w h e r e  a c e n t r a l  a r e a  h a s  c h a n n e l s  s p r e a d i n g  
o u t ,  l i k e  a r m s ,  as  t h e  r a p i d l y  d i v i d i n g  c e l l s ,  w h i c h  are
a l r e a d y  s q u a s h e d  c l o s e l y  t o g e t h e r ,  s t a r t  t o  i n v a d e  
h e a l t h y  t i s s u e .
T h e  r e a s o n  w h y  c a n c e r  c e l l s  are s o  h a r m f u l  i s  that  
o n c e  t h e  c e l l s  s t a r t  t o  g r o w  o u t  o f  c o n t r o l  t h e i r  
s p e c i f i c  f u n c t i o n  i s  l o s t .  S o  i n s t e a d  o f  t h e  c e l l s
d o i n g  a j o b  u s e f u l  t o  t h e  o r g a n i s m  as  a w h o l e ,  t h e y  
b e c o m e  i n d e p e n d e n t  e n t i t i e s ,  s e e k i n g  n u t r i t i o n  a n d  
s u p p o r t  w h e r e v e r  t h e y  c a n ,  o f t e n  at  t h e  e x p e n s e  o f  
n o r m a l  h e a l t h y  t i s s u e .  C a n c e r  i s  a l s o  d e t r i m e n t a l  in
t hat  i t  c a n  s p r e a d  to o t h e r  p a r t s  o f  t he  b o d y .  T h i s  i s  
t e r m e d  s e c o n d a r y  or  m e t a s t a t i c  g r o w t h  and t h e  c a n c e r s  
w h i c h  s p r e a d  in t h i s  w a y  are c a l l e d  m a l i g n a n t .  T u m o u r s  
w h i c h  ar e  l o c a l i s e d  a n d  g r o w  at a r e l a t i v e l y  s l o w  r a t e  
are  t e r m e d  b e n i g n .
O n c e  c a n c e r  h a s  b e e n  d i a g n o s e d ,  t h e  t y p e  o f  
t r e a t m e n t  to be  g i v e n  w i l l  be  d e p e n d e n t  u p o n  t he  t y p e  o f  
c a n c e r ,  t h e  l o c a t i o n  o f  t h e  c a n c e r  a n d  t h e  a c t u a l  
p e r s o n .  T h e  t y p e s  o f  t r e a t m e n t  i n c l u d e  s u r g e r y ,
r a d i o t h e r a p y  a n d  c h e m o t h e r a p y .  U s u a l l y  t r e a t m e n t
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i n v o l v e s  a c o m b i n a t i o n  o f  a l l  t h r e e  or  at l e a s t  t w o  o f  
t he  m e t h o d s .  S u r g e r y  i s  a l s o  i n v a l u a b l e  i n  t he  a c t u a l
d i a g n o s i s  o f  c a n c e r  as  w e l l  as  t h e  t r e a t m e n t .  W i t h
r a d i o t h e r a p y ,  e a c h  i n d i v i d u a l  w i l l  b e  g i v e n  a u n i q u e  
d o s a g e  d e p e n d i n g  u p o n  t he  s i z e  o f  t h e  t u m o u r  a nd  t h e i r  
r e s p o n s e  t o  i t .  D r u g  t r e a t m e n t  i s  u s u a l l y  u s e d  o n c e
c a n c e r  h a s  s p r e a d  w i d e l y ,  s o  t h a t  i t  a f f e c t s  m a n y  
s y s t e m s  w i t h i n  t h e  b o d y .  T h e  d r u g s  m a y  e i t h e r  be
h o r m o n e s  t h a t  m i m i c  t h e  b o d y ’ s n a t u r a l  c h e m i c a l  
m e s s e n g e r s  w h i c h  c o n t r o l  t he  g r o w t h  o f  c e r t a i n  k i n d s  o f  
c e l l s ,  o r  d r u g s  ( c a l l e d  c y t o t o x i n s ) ,  t h a t  k i l l  c a n c e r  
c e l l s .  B r e a s t  c a n c e r  f o r  e x a m p l e  c a n  b e  c o n t r o l l e d
by  h o r m o n a l  a g e n t s .  A l t h o u g h  c y t o t o x i n s  are  f r e q u e n t l y  
e f f e c t i v e ,  t h e y  h a v e  s e r i o u s  s i d e - e f f e c t s . T h e r e  i s
h o w e v e r  a f u n d a m e n t a l  d i s t i n c t i o n  b e t w e e n  t h e  w a y  
h o r m o n e s  a f f e c t  c e l l  d i v i s i o n  a n d  t h e  a c t i o n  o f  o t h e r  
c l a s s e s  o f  a n t i t u m o u r  d r u g s .  ^  H o r m o n e s  i n t e r a c t  w i t h
r e c e p t o r s  to f o r m  c o m p l e x e s  t ha t  n o r m a l l y  m o d u l a t e  c e l l  
d i v i s i o n  a n d  m a t u r a t i o n ,  a n d  t h u s  e n d o c r i n e  m a n i p u l a t i o n  
i s  e s s e n t i a l l y  t h e  a p p l i c a t i o n  o f  n a t u r a l  m e c h a n i s m s .  
C y t o t o x i n s  w o r k  b y  i n h i b i t i n g  n o r m a l  p a t h w a y s ,  
e i t h e r  d e s t r o y i n g  o f  t h e  b i o m o l e c u l e s  or c a u s i n g  t h e m  to  
m a l f u n c t i o n .
T h e  f i r s t  d r u g  t o  b e  s u c c e s s f u l l y  u s e d  a g a i n s t  
h u m a n  c a n c e r  w a s  i n  f a c t  a b y - p r o d u c t  o f  r e s e a r c h  i n t o  
c h e m i c a l  w a r f a r e . A s  part  o f  a d e v e l o p m e n t  p r o g r a m m e  
d u r i n g  t h e  F i r s t  W o r l d  W a r ,  c o m p o u n d s  t h a t  w e r e  
i r r i t a t i n g  t o  t h e  s k i n  a n d  e y e s ,  w e r e  t e s t e d  o n  
v o l u n t e e r s .  It w a s  f o u n d  that  t h e r e  w a s  a v e r y  r ap i d
f a l l  in t he  n u m b e r  o f  w h i t e  b l o o d  c e l l s .  O n e  c o m p o u n d  
in p a r t i c u l a r  had  a p r o n o u n c e d  e f f e c t  on  the  w h i t e  b l o o d
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c e l l  c o u n t .  T h i s  s u b s t a n c e  w a s  m u s t a r d  g a s ; w h i c h
c o n t a i n e d  n i t r o g e n  m u s t a r d  ( 5 1 ) .  In  t h e  e a r l y  1 9 4 0 ’ s
n i t r o g e n  m u s t a r d  w a s  u s e d  to  t r e a t  l y m p h o s a r c o m a  w i t h  a 
g o o d  i n i t i a l  r e s p o n s e .  S o o n  a f t e r w a r d s  a d r u g  w h i c h
i n h i b i t e d  t he  c r e a t i o n  o f  t he  b u i l d i n g  b l o c k s  o f  D N A  w a s  
s y n t h e s i s e d .  T h i s  c o m p o u n d ,  m e t h o t r e x a t e  ( 5 2 ) ,  w a s
f o u n d  u s e f u l  i n  t r e a t i n g  l e u k a e m i a  a n d  i s  s t i l l  u s e d  i n  
c h e m o t h e r a p y  t r e a t m e n t  to t h i s  d a y .
C - N - C - HCH.-N
V  -  N
(52)
/ / CH2CH2C1
CH2CH2C1
(51)
T h e  r a t e  o f  d i s c o v e r y  a n d  a p p l i c a t i o n  o f  n e w  
a n t i c a n c e r  d r u g s  e s c a l a t e d  d u r i n g  t h e  l a t e  1 9 6 0 ’ s ,  b u t  
h a s  s i n c e  s l o w e d  c o n s i d e r a b l y  * A  t r i a l  o f  d r u g
t h e r a p y  i n  1 9 6 5  b y  t h e  N a t i o n a l  C a n c e r  I n s t i t u t e  i n  
W a s h i n g t o n  w a s  s e t  up  i n  w h i c h  p a t i e n t s  w i t h  l y m p h a t i c  
c a n c e r  w e r e  t r e a t e d  s i m u l t a n e o u s l y  w i t h  f o u r  d r u g s .  
T h e s e  f o u r  d r u g s  - n i t r o g e n  m u s t a r d ,  v i n c r i s t i n e  ( 5 3 ) ,  
p r o c a r b a z i n e  ( 5 4 )  a n d  p r e d n i s o n e  ( 5 5 )  - h a d  p r e v i o u s l y
b e e n  f o u n d  to b e  o f  s o m e  h e l p  i n d i v i d u a l l y .  T h e
r e s u l t s  w e r e  e x t r e m e l y  e n c o u r a g i n g  and  t h i s  b r e a k t h r o u g h  
l e d  to i n t e r e s t  in n e w  a p p r o a c h e s  o f  c o m b i n i n g  d i f f e r e n t
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c o m p o u n d s  t o  t r e a t  a w h o l e  r a n g e  o f  d i f f e r e n t  c a n c e r  
t y p e s .  T h e  m a i n  e m p h a s i s  in  c h e m o t h e r a p y  t o d a y  i s  in
f a c t  o n  d r u g  c o m b i n a t i o n s  w i t h  a r a t i o n a l  b a s i s .
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CH.
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M a n y  a n t i c a n c e r  c o m p o u n d s  h a v e  b e e n  d i s c o v e r e d  by  
a c c i d e n t .  S o m e  h a v e  b e e n  d e s i g n e d  b y  p h a r m a c e u t i c a l  
c h e m i s t s  t o  h a v e  a s p e c i f i c  a n t i c a n c e r  a c t i o n ,  a n d  
o t h e r s  h a v e  b e e n  f o u n d  b y  r o u t i n e  t e s t i n g  o f  a w i d e  
r a n g e  o f  e x i s t i n g  c o m p o u n d s  or  h a v e  b e e n  i s o l a t e d  f r o m  
n a t u r a l l y  o c c u r r i n g  p l a n t  m a t e r i a l s .  T h e r e  i s  a
g r e a t  c h e m i c a l  d i v e r s i t y  i n  t h e s e  c l a s s e s  o f  
c o m p o u n d s .  ^  T h i s  i s  an a d v a n t a g e  i n  t ha t  a v a r i e t y
o f  a p p r o a c h e s  c a n  b e  m a d e  f o r  s e l e c t i n g  o p t i m a l  
c o m p o u n d s .  C h e m o p r e v e n t i v e  a g e n t s  c a n  be  p l a c e d  i n t o
t w o  b r o a d  c a t e g o r i e s .  T h e  f i r s t  c a t e g o r y  i n c l u d e s
c o m p o u n d s  t h a t  a r e  e f f e c t i v e  a g a i n s t  c o m p l e t e  
c a r c i n o g e n s .  T h e  s e c o n d  i n c l u d e s  c o m p o u n d s  e f f e c t i v e  
a g a i n s t  t u m o u r  p r o m o t e r s .  S o m e  c o m p o u n d s  f a l l  i n t o  
b o t h  c a t e g o r i e s .
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1 . 4  I n t r o d u c t i o n  to  A l k y l a t i n g  A g e n t s
A l k y l a t i n g  a g e n t s  p r o v i d e  a l m o s t  h a l f  o f  t o d a y ’ s
c l i n i c a l l y  u s e f u l  p r o d u c t s .  ^  T h e y  w e r e  t h e  f i r s t
g r o u p  o f  c h e m i c a l s  s y s t e m a t i c a l l y  i n v e s t i g a t e d  i n  o r d e r  
t o  f i n d  e f f e c t i v e  i n h i b i t o r s  a g a i n s t  n e o p l a s t i c  c e l l s .  
T h e  d e f i n i t i o n  o f  a b i o l o g i c a l  a l k y l a t i n g  a g e n t ^ ^  i s  a 
c o m p o u n d  w h i c h  c a n  r e p l a c e  a h y d r o g e n  a t o m  by  an a l k y l  
g r o u p  u n d e r  p h y s i o l o g i c a l  c o n d i t i o n s  ( p H  7 . 0 - 7 . 4 ,  3 7 ° C ,
a q u e o u s  s o l u t i o n ) .
T h e r e  h a v e  b e e n  at l e a s t  t w o  m a i n  t r e n d s  i n  t h e  
e a r l y  d e v e l o p m e n t  o f  a l k y l a t i n g  a g e n t s . T h e  f i r s t  
o n e  b e i n g  t h e  s e a r c h  f o r  n e w  c y t o t o x i c  a l k y l a t i n g  
f u n c t i o n s  w h i c h  l e d  t o  t h e  f i r s t  g e n e r a t i o n  o f
c l i n i c a l l y  u s e f u l  a g e n t s  e . g .  n i t r o g e n  m u s t a r d  ( 5 1 ) .  
T h e  o t h e r  t r e n d  i s  t h e  s e a r c h  f o r  s t r u c t u r e s  w i t h  
e n h a n c e d  s e l e c t i v i t y  t o w a r d s  m a l i g n a n t  c e l l s ,  b y  
e x p l o i t i n g ,  i n  t h e  d e s i g n  o f  t h e  n e w  a l k y l a t i n g  a g e n t s ,  
s o m e  t h e o r e t i c a l  p r i n c i p l e s  e . g .  c y  c l o p h o s p h o n a m i d e  
( 5 6 ) .  A s  w e l l  as  t h e s e  a g e n t s  b e i n g  a b l e  t o  i n h i b i t
t u m o u r  c e l l  g r o w t h ,  t h e y  c a n  o f t e n  a c t  a s  p o t e n t
c a r c i n o g e n s .  T h e i r  a c t u a l  a n t i t u m o u r  e f f e c t  i s  t h e i r
a b i l i t y  to i n d u c e  l e t h a l  m u t a t i o n s  a n d  to  i n h i b i t  D N A  
s y n t h e s i s .  T r u e  m o n o f u n c t i o n a l  a l k y l a t i n g  a g e n t s
( e . g .  m e t h y l - m e t h a n e  s u l p h o n a t e )  are  c a r c i n o g e n i c  s i n c e  
t h e y  g e n e r a t e  m u t a t i o n s  a s s o c i a t e d  w i t h  m i s c o d i n g  w h i c h  
l e a d s  t o  t r a n s f o r m e d  c e l l s .  I n  g e n e r a l  i t  i s  o n l y
b i f u n c t i o n a l  a l k y l a t i n g  a g e n t s  t h a t  a r e  e f f e c t i v e  
a n t i t u m o u r  c o m p o u n d s .  A l a r g e r  n u m b e r  o f  a l k y l a t i n g
m o i e t i e s  a c c u m u l a t e d  in the  s a m e  m o l e c u l e  d o e s  n o t  l e a d  
to  a p r o p o r t i o n a l  i n c r e a s e  i n  t h e  a c t i v i t y .
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T h e  r e a c t i o n  b e t w e e n  an a l k y l a t i n g  a g e n t  a n d  a
s u b s t r a t e  t a k e s  p l a c e  a c c o r d i n g  t o  t h e  f o l l o w i n g  
4 4e q u a t i o n  ^
R - H  + a l k y l - X  -----► R - a l k y l  + H + + X"
B i o l o g i c a l  a l k y l a t i n g  a g e n t s  r e a c t  f o l l o w i n g  t h e  
e q u a t i o n  at  p H  7 . 0 - 7 . 4 ,  3 7 ° C  i n  a q u e o u s  m e d i a .  In
a q u e o u s  m e d i a  t h e y  a r e  t r a n s f o r m e d  i n t o  e l e c t r o p h i l i c  
s p e c i e s  w h i c h  i n t e r a c t  d i r e c t l y  t h r o u g h  a b i m o l e c u l a r  
p r o c e s s ,  w i t h  t a r g e t  m a c r o m o l e c u l e s .
T h e  f o l l o w i n g  f a c t o r s  a r e  i m p o r t a n t  i n  d e f i n i n g  
a n d  e v a l u a t i n g  t h e  r e a c t i v i t y  o f  t h e  d i r e c t  o r  t h e  
" u l t i m a t e "  a l k y l a t o r s  ( i . e .  t h o s e  t h a t  a r e  r e s p o n s i b l e  
f o r  D N A  c r o s s - l i n k i n g  d i r e c t l y  a n d  are  r e l e a s e d  b y  o t h e r  
a l k y l a t i n g  a g e n t s ) :
1 . t h e  m e c h a n i s m  o f  t h e  r e a c t i o n  w i t h  t h e  n u c l e o p h i l e s  
or  D N A  n u c l e o p h i l i c  s i t e s ;
2 . t h e  e l e c t r o p h i l i c i t y  o f  t h e  a l k y l a t i n g  s p e c i e s ;
3 .  t h e  s o f t n e s s  o f  t h e  a l k y l a t i n g  m o i e t i e s ;
4 .  t h e  s t e r e o c h e m i s t r y  o f  t h e  e l e c t o p h i l i c  s p e c i e s ;
5 .  t h e  n a t u r e ,  r e a c t i v i t y  a n d  s t e r e o c h e m i s t r y  o f  t h e  D N A  
n u c l e o p h i l i c  s i t e .
A l k y l a t i n g  a g e n t s  c a n  r e a c t  in a q u e o u s  m e d i a  by  a 
u n i m o l e c u l a r  ( S N 1) ,  a b i m o l e c u l a r  ( S N 2)  p a t h w a y  ( S c h e m e  
9 )  o r  b y  e n z y m a t i c  a c t i v a t i o n .  M o s t  o f  t h e  a g e n t s
a l k y l a t i n g  b y  S 1 o r  S 2 m e c h a n i s m s  a t t a c k  t h e  
n u c l e o t i d e s  i n  o r d e r  o f  t h e i r  i n c r e a s i n g  b a s i c i t y ,  
g u a n i n e > a d e n o s i n e > c y t o s i n e > t y r o s i n e ( u r i d i n e ) ,  w h e r e a s  
t h o s e  a l k y l a t i n g  b y  a c a r b e n o i d  o r  r a d i c a l  m e c h a n i s m
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e x h i b i t  a r e v e r s e  o r d e r  o f  a t t a c k  f o r  g u a n i n e .
K n o w i n g  t h e  r e a c t i o n  m e c h a n i s m s  f o r  a l k y l a t i n g  
a g e n t s  i s  v e r y  u s e f u l  p r a c t i c a l l y  f o r  t h e i r  d e s i g n .
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SCHEME 9.
T h o s e  a l k y l a t i n g  a g e n t s  p r o c e e d i n g  b y  a n  Sjsj l  
m e c h a n i s m  r a t h e r  t h a n  an S j ^ 2  m e c h a n i s m  e x h i b i t  l o w e r  
s e n s i t i v i t y  t o  t h e  s u b s t r a t e  g e n e r a l l y .  T h i s  i s  d u e
t o  t h e  h i g h  r e a c t i v i t y  o f  t h e  c a r b e n i u m  i o n  
i n t e r m e d i a t e s .
T h e  k i n e t i c s  o f  t h e  h y d r o l y s i s  r a t e  o f  b i o l o g i c a l  
a l k y l a t i n g  a g e n t s  w e r e  u s e d  as  an  e a r l y  d e t e c t o r  o f  
r e a c t i o n  m e c h a n i s m s .  T h e  s t r u c t u r e  a n d  t h e
c o n c e n t r a t i o n  o f  t h e  f i n a l  h y d r o l y s i s  p r o d u c t s  c a n  g i v e  
s o m e  e v i d e n c e  f o r  t he  a c t u a l  r e a c t i o n  m e c h a n i s m .  F o r  
e x a m p l e ,  t h e  a l k y l a t i n g  h y d r o l y s i s  o f  1 - d i e t h y l a m i n o - 2 - 
c h l o r o p r o p a n e  ( 5 7 ) ,  w h i c h  o c c u r s  w i t h  r e a r r a n g e m e n t  o f  
t h e  m e t h y l  g r o u p  f r o m  t h e  h a l o g e n a t e d  s i d e c h a i n ,  i s  
c o n s i s t e n t  w i t h  an $ ^ 2  m e c h a n i s m  i n v o l v i n g  a c y c l i c
36
i n t e r m e d i a t e  ( S c h e m e  1 0 ) .
0
OH
( C H _ ) NCH CHC1 
2 5'2 2 | (C2H5)2NCHCH2°H
CH CH 3
CH
33
(57)
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P _ - N i t r o b e n z y l p y r i d i n e  ( N B P )  ( 5 8 )  w a s  u s e d  a s  
a n o t h e r  i n d i c a t o r  o f  a l k y l a t i n g  a b i l i t y ,  as  o p p o s e d  to  
w a t e r  t h a t  c o u l d  b e t t e r  d e f i n e  t h e  r e a c t i v i t y  o f
a l k y l a t i n g  s p e c i e s  r e s u l t s  f r o m  t h e  n u c l e o p h i l i c i t y  o f  
t h e  u n s h a r e d  e l e c t r o n  p a i r  o f  t h e  p y r i d i n e  n i t r o g e n .  
U s i n g  t h i s  r e a g e n t  t h e  r e a c t i v i t y  o f  an a l k y l a t i n g  a g e n t  
i s  d e f i n e d  as  t h e  t i m e - d e p e n d e n t  a l k y l a t i o n  o f  N B P  in  
t he  p r e s e n c e  o f  c o m p e t i n g  n u c l e o p h i l e s  s u c h  as  w a t e r  or  
o t h e r  s o l v e n t  m o l e c u l e s  ( S c h e m e  l l ) . 4 ^ ’4 **
a l k y l a t i n g  a g e n t s .  T h e  r e a c t i v i t y  o f  N B P  ( 5 8 )  t o w a r d s
Aik - X
(58)
Aik -
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T h e  c o n c e n t r a t i o n  o f  a l k y l a t e d  N B P ,  d e t e r m i n e d  
u n d e r  s t a n d a r d  c o n d i t i o n s ,  a l l o w s  t h e  c a l c u l a t i o n  o f  t he  
" a l k y l a t i n g  a c t i v i t y "  o f  t h e  i n v e s t i g a t e d  d e r i v a t i v e .  
U s u a l l y  t h e  r e a c t i o n  m e c h a n i s m  o f  N B P  a l k y l a t i o n  i s  o f  
Sj ^2  t y p e .  H o w e v e r  t h i s  p a r a m e t e r  d o e s  n o t  e n t i r e l y
r e f l e c t  t h e  b e h a v i o u r  o f  a l k y l a t i n g  a g e n t s  a g a i n s t  
t a r g e t  m a c r o m o l e c u l e s .
T h e  r e a c t i o n  b e t w e e n  a l k y l a t i n g  a g e n t s  a n d  D N A ^ ^  
y i e l d s  a d d i t i o n  p r o d u c t s  w h i c h  e i t h e r  i n v o l v e  a s i n g l e  
p u r i n e  or  p y r i m i d i n e  n u c l e u s  ( i . e .  f o r  m e t h y l a t i n g  a n d  
e t h y l a t i n g  a g e n t s )  o r  l i n k  t o g e t h e r  t w o  s u c h  h a l v e s  
( i . e .  f o r  b i f u n c t i o n a l  a l k y l a t i n g  a g e n t s ) .  T h e  l a t t e r
l i n k a g e  i s  c a l l e d  c r o s s l i n k i n g .
B i f u n c t i o n a l  a l k y l a t i n g  a g e n t s  a r e  a b l e  t o  i n d u c e  
s e v e r a l  t y p e s  o f  c r o s s l i n k i n g s ,  i . e .
( a )  i n t r a s t r a n d  ( b o t h  a l k y l a t e d  s i t e s  b e l o n g i n g  t o  t h e  
s a m e  s t r a n d ) ;
( b )  i n t e r s t r a n d ;
( c )  D N A - p r o t e i n  c r o s s - l i n k s .
I n t e r s t r a n d  c r o s s - l i n k s  a r e  e s p e c i a l l y  r e l a t e d  to  
t h e  c y t o t o x i c i t y  o f  a l k y l a t i n g  a g e n t s .  ^ ^ T h e
d e t r i m e n t a l  e f f e c t s  o f  t h e s e  b i f u n c t i o n a l  a l k y l a t i n g  
a g e n t s  c o u l d  be  d u e  to t h e  b l o c k i n g  o f  D N A  r e p l i c a t i o n  
b y  t h e s e  c r o s s l i n k s  a n d  a l s o  b y  a s i g n i f i c a n t l y  l o w e r  
e f f i c i e n c y  o f  t h e  r e m o v a l  o f  t h e s e  a d d u c t s  b y  t he  r e p a i r  
s y s t e m s .  D e p u r  i n a t i o n , d e p y  r i m i d i n a t i o n  a n d  a l k a l i -
l a b i l e  D N A  b r e a k s  are  s o m e  e f f e c t s  t ha t  c a n  a l s o  o c c u r  
at D N A  l e v e l .
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T h e  a n t i t u m o u r  e f f e c t i v e n e s s  o f  a l k y l a t i n g  a g e n t s  
c a n  b e  i m p r o v e d  b y  i n c r e a s i n g  e i t h e r  t h e i r  c y t o t o x i c i t y  
o r  t h e i r  s e l e c t i v i t y  t o w a r d s  m a l i g n a n t  c e l l s .  ^ ^ 
C y t o t o x i c i t y  i s  e a s i e r  t o  d e a l  w i t h  b e c a u s e  i t  i s  
c l o s e l y  r e l a t e d  t o  t h e  c h e m i c a l  r e a c t i v i t y  o f  t h e  
a l k y l a t i n g  m o i e t y  a n d  t h e  b i f u n c t i o n a l  c h a r a c t e r  o f  t he  
a l k y l a t i n g  a g e n t .  V e r y  r e a c t i v e  a n d  h e n c e  c y t o t o x i c
a l k y l a t i n g  a g e n t s  m a y  b e  d e s i g n e d .  O n e  s u c h  e x a m p l e
i s  ( 5 9 ) .
H00C-
(59)
T h r e e  c o n c e p t s  h a v e  b e e n  d e v e l o p e d  t o  a c h i e v e  
b e t t e r  s e l e c t i v i t y  i n  t h e  d e s i g n  o f  a l k y l a t i n g  a g e n t s  
w h i c h  are  as  f o l l o w s :
( a )  T h e  s e a r c h  f o r  n e w  a l k y l a t i n g  m o i e t i e s  e . g .  q u i n o n e -  
m e t h i d e s  o r  f o r  u n u s u a l  c o m b i n a t i o n s  o f  a l k y l a t i n g  
m o i e t i e s  g r a f t e d  o n  t h e  s a m e  m o l e c u l e  e . g .  
c y c l o p h o s p h o n a m i d e  ( 5 5 )  w i t h  m e t h a n e - s u l p h o n y l  g r o u p s  
g r a f t e d  o n . ^ ’^
( b )  T h e  l a t e n t  a c t i v i t y  c o n c e p t  w h e r e  t h e  i d e a  i s  to  u s e  
a h i g h l y  r e a c t i v e  d r u g  in  a c h e m i c a l l y  i n a c t i v e  f o r m
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( p r o d r u g )  a b l e  to  u n d e r g o  m e t a b o l i c  a c t i v a t i o n .  T h i s
c o n c e p t  l e d  t o  t h e  d e s i g n  o f  l a t e n t  p h o s p h o r a m i d e  
n i t r o g e n  m u s t a r d s ,  w h i c h  f i n a l l y  l e d  t o  a s e r i e s  o f  
c y c l i c  c o n g e n e r s  w i t h  o u t s t a n d i n g  a n t i t u m o u r  
p r o p e r t i e s .
( c )  T h e  c a r r i e r - c o n c e p t  b a s e d  o n  t h e  p r o p e r t i e s  o f  
c e r t a i n  m o l e c u l e s  t o  a c c u m u l a t e  i n  c a n c e r  c e l l s .  T h i s  
l e d  to  v e r y  a c t i v e  c o m p o u n d s  b e i n g  p r o d u c e d  s u c h  as  
m e l p h a l a n  ( L - P A M )  ( 6 0 ) .
HOOCCHCHj- 
NH„
/ C H ^ C l
n c h 2c h ,ci
( 60)
B o t h  l a t e n t  a c t i v i t y  a n d  c a r r i e r  c o n c e p t s  a r e  
b a s e d  o n  t h e  p o s s i b i l i t y  o f  m o d u l a t i n g  t h e  c h e m i c a l  
r e a c t i v i t y  o f  t h e  a l k y l a t i n g  m o i e t i e s .
M o l e c u l a r  s t r u c t u r e  a n d  o f t e n  s t e r e o c h e m i s t r y  are  
v e r y  i m p o r t a n t  e l e m e n t s  b o t h  f o r  t h e  c e l l u l a r  p e r m e a t i o n  
o f  t h e  a l k y l a t i n g  a g e n t  an d  f o r  i t s  t r a n s p o r t  a c r o s s  t he  
c y t o p l a s m .  T h e r e  are t w o  m a i n  t y p e s  o f  c a r r i e r s  ( t h e
m o l e c u l e s  to  w h i c h  t h e  a l k y l a t i n g  m o i e t i e s  are  g r a f t e d )  
w h i c h  are  as  f o l l o w s :
( a )  X e n o b i o t i c  s t r u c t u r e s  e . g .  C h l o r a m b u c i l  ( 6 1 )  w h i c h  
e x h i b i t  s o m e  p r e s e l e c t e d  p h y s i o -  c h e m i c a l  p r o p e r t i e s .
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( b )  P h y s i o l o g i c a l  s t r u c t u r e s  w h e r e b y  s u c h  c a r r i e r s  ar e  
b e l i e v e d  t o  p e r m e a t e  c e l l  m e m b r a n e s  b y  s p e c i f i c  
t r a n s p o r t  p r o c e s s e s ,  t h u s  a c c u m u l a t i n g  i n  t u m o u r  c e l l s .
HOOCCH2CH2CH2
, , /CHCHC
/ /  \ \  /  2 2/ /  \ \ _ n
N ;H 2CH2a
(61)
1 . 4  P r e p a r a t i v e  C h e m i s t r y  o f  A l k y l a t i n g  A g e n t s
( a )  S u l p h u r  m u s t a r d s :
T h e  v e r y  r e a c t i v e  s u l p h u r  m u s t a r d  ( 5 9 )  u s e d  f o r  
i n t r a - a r t e r i a l  o r  i n t r a t u m o r a l  i n f u s i o n s  w a s  s y n t h e s i s e d
C 'I
as  s h o w n  ( S c h e m e  1 2 ) J J  u s i n g  s o m e  r e l a t i v e l y  s i m p l e  
c h e m i s t r y .
//  \ \  1. condensation //
0H + a T CH20H2 . M ^ p r  ho2c/  > 0 C ^ C H C H 20H 
OH OH
HBr
HQf-/ ^
.HOCHjlH^H
2|” — r r -  2.HBr 
C H ^ C H ^ r
HC^ C- /  \
Br
( 59)
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( b )  N i t r o g e n  m u s t a r d s :
O n e  o f  t h e  m o s t  w i d e l y  u s e d  a l k y l a t i n g  m o i e t i e s  i s  
i V , N - b i s - ( 2 - c h l o r o e t h y l ) a m i n e ,  a t t a c h e d  t o  x e n o b i o t i c s  or  
to  p h y s i o l o g i c a l  c a r r i e r s ,  as  s u c h  or  i n  a l a t e n t  f o r m .
A l i p h a t i c  o r  a r o m a t i c  n i t r o g e n  m u s t a r d s  a r e  
g e n e r a l l y  p r e p a r e d  as  f o l l o w s :
r - n h 2   R N ( C H 2 C H 2 O H ) 2   R N ( C H 2 C H 2 X ) 2
( 6 2 )  ( 6 3 )
T h e  p r e c u r s o r  ( 6 2 )  i s  p r e p a r e d  b y  t r e a t i n g  t h e  
c o r r e s p o n d i n g  p r i m a r y  a m i n e  w i t h  2 - c h l o r o e t h a n o l , or  
b e t t e r  w i t h  e t h y l e n e  o x i d e  in a c e t i c  a c i d  m e d i u m .  T h e  
p r o d u c t  ( 6 3 )  i s  u s u a l l y  o b t a i n e d  by  t r e a t i n g  ( 6 2 )  w i t h  a 
n u m b e r  o f  r e a g e n t s  s u c h  as  p h o s p h o r u s  t r i c h l o r i d e  or  
t r i b r o m i d e ,  p h o s p h o r y l  c h l o r i d e  or  b r o m i d e  or  t h i o n y l  
c h l o r i d e .  I o d i n e  i s  i n t r o d u c e d  b y  b o i l i n g  t h e
c o r r e s p o n d i n g  a l k y l  h a l i d e s  ( 6 3 )  ( X  = C l ,  B r )  w i t h  
s o d i u m  i o d i d e  in dry  a c e t o n e . ^
N i t r o g e n  m u s t a r d  ( 5 1 )  w a s  o n e  o f  t h e  f i r s t  
s y n t h e t i c  c o m p o u n d s  u s e d  in c a n c e r  c h e m o t h e r a p y ^ ^  and i s  
s t i l l  u s e d  c l i n i c a l l y .  A  l a r g e  n u m b e r  o f  n i t r o g e n
m u s t a r d s  w i t h  a w i d e  r a n g e  o f  c h e m i c a l  r e a c t i v i t i e s  w e r e  
s y n t h e s i s e d  b y  v a r y i n g  t h e  h a l o g e n s  o r  t h e i r  r e a c t i v e  
s i d e c h a i n s  ( e . g .  n - p r o p y l ,  i s o p r o p y l ) .
T h e  M a n n i c h  r e a c t i o n  p r o v e d  t o  be  e x t r e m e l y  u s e f u l  
i n  t h e  s y n t h e s i s  o f  n i t r o g e n  m u s t a r d s  l i n k e d  b y  
m e t h y l e n e  b r i d g e s  to t h e  a r o m a t i c  n u c l e u s .  N i t r o g e n
m u s t a r d s  d e r i v e d  f r o m  u r a c i l  ( 6 4 )  a n d  t h i o u r a c i l  ( 6 5 )
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w e r e  p r e p a r e d 5 ** ( S c h e m e  1 3 ) .
HtA r' ° y <(cw ,2X  IJ + CH2° + nor-HN2  ^ X  I
2 ' ^ n ^
H H
(64) Z - O
(65)  2  = S
SCHEME -13.
I n  o r d e r  t o  o b t a i n  c o m p o u n d s  w i t h  l o w  c h e m i c a l  
r e a c t i v i t y  t h e  n i t r o g e n  m u s t a r d  m o i e t y  w a s  m o d i f i e d .  
O n e  s u c h  e x a m p l e  i s  t h e  s y n t h e s i s  o f  t h e  c y c l i c  
p h o s p h o n a m i d e ,  I p h o s p h a m i d e  ( I F )  ( 6 6 ) ( S c h e m e  1 4 ) . 5 ^
C1CH2CH2CH20H + HN^j ----------►  HOCH^H^HgN'C^]
P0C13
C H f H f i
(66)
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T h e  s y n t h e s i s  o f  n e w  I F  d e r i v a t i v e s  o f  t h e  t y p e
b a s e d  o n  t h e  i d e a  t h a t  a n y  m o d i f i c a t i o n  o f  t h e  p a r e n t  
m o l e c u l e  w h i c h  d o e s  n o t  a f f e c t  t h e  a c t i v a t i o n  p r o c e s s ,  
b u t  d o e s  c h a n g e  t h e  a l k y l a t i n g  a c t i v i t y  o f  t h e  u l t i m a t e  
a l k y l a t o r ,  s h o u l d  a f f e c t  t h e  I F  a n t i t u m o u r  a c t i v i t y .  
T h e  d e r i v a t i v e  ( 6 7 )  ( X - B r )  a p p e a r s  t o  b e  e f f e c t i v e  
c o m p a r e d  to I F  ( 6 6 ) o n  a n i m a l  t e s t s .
( c )  A z i r i d i n e s
P h o s p h o r a m  i d e d e r i v a t i v e s  ( 6 8 ) w e r e  f i r s t
h a l o g e n a t e d  or  t h i o h a l o g e n a t e d  d e r i v a t i v e s  o f  p h o s p h o r u s  
w i t h  a z i r i d i n e  i . e .  f ,
C Q
( 6 7 )  w a s  r e c e n t l y  r e p o r t e d  ( S c h e m e  1 5 ) . It  w a s
C H fH B
(67) (X = Br, 0S0 C H CH , etc)2 6 4 3
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p r e p a r e d ^  b y  C y a n a m i d  C o r p o r a t i o n  b y  t r e a t i n g
V7
N
P(Z)X_ + HN
z
X = Cl, Br; Z = 0,S
( 6 8 )
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A z i r i d i n y  l b e n z o q u i n o n e s  w e r e  d e s i g n e d  i n  o r d e r  to  
f i n d  n e w  a n t i t u m o u r  a g e n t s  f o r  t h e  c e n t r a l  n e r v o u s  
s y s t e m .  T h i s  i s  b e c a u s e  t h e  c o m p o u n d s  p o s s e s s ,  b e s i d e  
a h i g h  c y t o t o x i c i t y ,  s e v e r a l  o f  t h e  m o l e c u l a r  
c h a r a c t e r i s t i c s  n e c e s s a r y  f o r  C N S  p e n e t r a t i o n  i . e .  
s u i t a b l e  l i p o p h i l i c i t y  a n d  a l o w  d e g r e e  o f  i o n i s a t i o n .  
O n e  s u c h  c o m p o u n d ,  E s q u i n o n e  ( 6 9 ) ,  e m e r g e d  a s  a 
c l i n i c a l l y  u s e f u l  d e r i v a t i v e .
•CH-CHOCONH, 
i ^
OCH,
(69)
( d )  M e t h a n e s u l p h o n a t e s :
O n e  o f  t h e  m e t h a n e s u l p h o n a t e s  p r e p a r e d ,  1 , 4 -  
d i m e t h a n e - s u l p h o n y l o x y b u t a n e  ( 7 0 )  ( n  =  4 ) ,  e x h i b i t s  a
r e m a r k a b l e  a c t i v i t y  i n  c h r o n i c  l e u k a e m i a s .  T h e s e
c o m p o u n d s  w e r e  f i r s t  p r e p a r e d  i n  o r d e r  t o  r e s e m b l e  
n i t r o g e n  m u s t a r d s .
CH3S 0 20(C H 2)n0 S 0 2CH3
( 7 0 )  (n =  1 - 9 )
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( e )  B e n z o -  a n d  n a p h t h o q u i n o n e s :
T h e s e  are c o m p o u n d s  a c t i v a t e d  b y  e n z y m e  r e d u c t i o n .  
T h e y  r e q u i re  r e d u c t i o n  by  N A D P H - d e p e n d e n t  e n z y m e  s y s t e m s  
i n  o r d e r  t o  e x e r t  t h e i r  a l k y l a t i n g  a c t i v i t y .  
D e r i v a t i v e s  f o r m e d  i n c l u d e  a n t h r a q u  i n o n e  d e r i v a t i v e s  
( 7  l ) . 5 9
( 7 1 )  ( R = C 1 , Br ,  C H 3 C 0 2 , e t c )
( f )  D i a z o a l k a n e s :
T h e s e  a l k y l a t i n g  a g e n t s  h a v e  an a l t e r n a t i v e  t y p e  
o f  a n t i t u m o u r  a c t i v i t y  b e c a u s e  t h e  a l k y l a t i o n  o c c u r s  by  
a d i f f e r e n t  m e c h a n i s m ,  w h i c h  p o s s i b l y  i n v o l v e s  c a r b e n o i d  
o r  r a d i c a l  i n t e r m e d i a t e s .  S o m e  e x a m p l e s  i n c l u d e
a z a s e r i n e  ( 7 2 )  a n d  6 - d i a z o - 5 - o x o - n o r l e u c i n e  ( D O N )  ( 7 3 )  
w h i c h  h a v e  b e e n  e x t r a c t e d  f r o m  S t r e p t o m y c e s  c u l t u r e s .
N_CHCO_CH CHC0oH NoCHC0(CHo)oCHC0oH
Z Z Z j Z  2 2 2 j 2
NH2 NH2
( 7 2 ) ( 7 3 )
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T h e y  p r o b a b l y  a c t  b y  a s p e c i f i c  i n h i b i t i o n  o f  t he  
v a r i o u s  L - g l u t a m i n e - a m i n o t r a n s f e r a s e s . ^ ^  A t  h i g h
c o n c e n t r a t i o n s  t h e y  a l s o  e x h i b i t  a l k y l a t i n g  p r o p e r t i e s .  
H o w e v e r  i t  i s  n o t  c e r t a i n  t h a t  t h e i r  a n t i t u m o u r  
p r o p e r t i e s  a r e  d u e  t o  t h i s  e f f e c t ,  b e c a u s e  o n l y  t h e  L -  
e n a n t i o m e r  i s  a c t i v e .
( g )  a - M e t h y  l e n e - y - l a c t o n e s :
S e q u i t e r p e n e  l a c t o n e s  s u c h  a s  v e r n o l e p i n  ( 7  4  ) ^  
e l e p h a n t o p i n  ( 7 5 ) ,  a n d  h e l e n a l i n  ( 7 6 )  w e r e  f o u n d  t o  
p o s s e s s  s i g n i f i c a n t  i n v i v o  a n t i t u m o u r  a c t i v i t y .
.CH.
0
( 7 4 ) ( 7 5 )
H
'2OH
( 7 6 )
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T h e i r  a c t u a l  m o d e  o f  a c t i o n  i s  t ha t  t h e y  a c t  as  
a l k y l a t i n g  a g e n t s  b y  t h e  c o n j u g a t e  a d d i t i o n  o f  
b i o l o g i c a l  n u c l e o p h i l e s  t o  t h e  a - m e t h y l e n e - y - l a c t o n e  
m o i e t y .  T h e s e  c o m p o u n d s  a l k y l a t e  t h e  t h i o l i c
f u n c t i o n s  o f  t h e  e n z y m e s  as  w e l l  as  t h e  s u b s t r a t e s .
B i f u n c t i o n a l  d e r i v a t i v e s  w e r e  s y n t h e s i s e d  t o  
i n c r e a s e  t h e  c y t o t o x i c i t y  e . g .  ( 7 7 ) .
OHC(CH2 )nCHO + BrCH2 - C - C 0 2 C 2 H5
(n = 3 - 6 )  ( 7 7 )
a - M e t h y  l e n e - y - l a c t o n e s  p o s s e s s i n g  a l e a v i n g  g r o u p  
l i n k e d  t o  t h e  a - m e t h y l e n e  u n d e r g o  M i c h a e l - t y p e  
n u c l e o p h i l i c  a d d i t i o n  e l i m i n a t i o n  r e a c t i o n s  m u c h  m o r e  
r e a d i l y  t h a n  t h e  s i m p l e  e n o n e s  a n d  ar e  i n  t h i s  r e s p e c t  
m o r e  e f f e c t i v e  a l k y l a t o r s .
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1 . 5  T h e  M e t a b o l i s m  o f  A l k y l a t i n g  A g e n t s .
F o r  l a t e n t  a l k y l a t i n g  a g e n t s ,  t h e  m e t a b o l i s m  i s  o f  
g r e a t  i m p o r t a n c e  i n  d e t e r m i n i n g  t h e  c y t o t o x i c i t y  a n d  
e s p e c i a l l y  t h e  s p e c i f i c i t y  o f  t h e  c o m p o u n d .
T h e  m e t a b o l i s m  o f  c y c l o p h o s p h a m i d e  ( C P )  ( 5 6 )  ha s  
b e e n  s t u d i e d  i n t e n s i v e l y  i n  o r d e r  t o  e x p l a i n  i t s  
s p e c i f i c i t y  t o w a r d s  m a l i g n a n t  c e l l s .  C P  a c t i v a t i o n
t a k e s  p l a c e  m a i n l y  i n  t h e  l i v e r  a n d  r e q u i r e s  C>2 - 
T h i s  p r o c e s s  i s  d u e  t o  c y t o c h r o m e  P - 4 5 0  d e p e n d e n t  
m o n o o x y g e n a t e s  w h i c h  c o n v e r t  the  b a s i c  c o m p o u n d  to 4 - H O -  
C P  ( 7 8 )  a t  e q u i l i b r i u m  w i t h  i t s  t a u t o m e r i c  f o r m ,  
a l d o p h o s p h a m i d e  ( 7 9 ) .  T h i s  h y  d r o x y  1 a t i o n  i s  p r o b a b l y  
s t e r e o s e l e c t i v e ,  t h e  4 - c / s - H O - C P  i s o m e r  b e i n g
^ 'j
p r e f e r e n t i a l l y  f o r m e d  ( 7 8 a ) .  H o w e v e r ,  t r a n s - 4 - H . O - C P
( 7 8 c ) i s  a l s o  d e t e c t e d ,  b e c a u s e  o f  t h e  p r o t e o l y t i c  
e q u i l i b r i u m  e x i s t i n g  b e t w e e n  t h e  t w o  c o n f o r m e r s .  T h e  
m e t a b o l i s m  o f  c y c l o p h o s p h a m i d e  ( 5 6 )  i s  s h o w n  i n  S c h e m e  
1 6 .
4 - H O - C P  ( 7 8 )  i s  a c t u a l l y  t h e  k e y  p r o d u c t  o f  
c y c l o p h o s p h a m i d e  m e t a b o l i s m ,  b e i n g  t h e  m o s t  s e l e c t i v e  
a m o n g  t he  c y c l o p h o s p h a m i d e  m e t a b o l i t e s .  T h e  f o r m a t i o n  
o f  t h e  4 - k e t o - C P  ( 8 0 )  a n d  t h e  a c y c l i c  a c i d  ( 8 1 )  
r e p r e s e n t  d e t o x i c a t i o n  p a t h w a y s  c a t a l y s e d  b y  a l d e h y d e  
o x i d a s e s .  A n o t h e r  d e t o x i c a t i o n  p a t h w a y  c o n s i s t s  o f  t he  
4 - H O - C P  c o n v e r s i o n  t o  t h e  t h i o e t h e r  ( 8 2 )  b y  r e a c t i o n  
w i t h  g l u t a t h i o n e  or  c y s t e i n e .  T h i s  l a s t  i n t e r m e d i a t e
m a y  b e  r e c y c l e d  i n  t h e  m e t a b o l i c  t u r n o v e r  b y  t h e  
e n z y m a t i c  c l e a v a g e  o f  t h e  t h i o e t h e r  b o n d  ( d e l a y e d  
t o x i c a t i o n ) .  T h i s  d i s c o v e r y  h a s  l e d  to t he  d e s i g n  o f  a
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n e w  g e n e r a t i o n  o f  c o m p o u n d s  w i t h  b e t t e r  p h a r m a c o l o g i c a l  
p r o p e r t i e s .
n  HV(CICH^-P
(56) 0
[activation] cyt P-450 monooxygenase
4-keto-CP
(8 0 )
R N - P
'O
„  H
9 v N
RN-P
x 0
lOH
:RN-P
\ \ /
R N - P
\
O H -"OH Q , N -
( 7 8 a ) .  ( 7 8 b )
R S H  ^
en zym e KIN \  /
( 7 9 )
0 -
(78c) 
a/N^CHCOH).
R N - PJ
[toxication]
(82) 
[delayed  
toxi cation]
3'5'exo­
nuclease
V
a / NH2 co,H
R N - p
V
( 81)
/ N H 2 
R N - P
> l \ n -  
0  0
C P -m u s ta r d
+  CH = C H -C H 0
[ > C H , C H p
spontaneous 
e n z y m e ?
M Un o r - N H .
f
blood
CHfHfl
L
A 0-cr
R =  - ( C H 2CH2Cl)2
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2 . 1  I n t r o d u c t i o n  to  D u c l a u x i n .
D u c l a u x i n  ( 8 3 )  i s  t h e  m a i n  m e t a b o l i t e  o f  
P e n i c i l l i u m  d u c l a u x i  . 6 4  It  f o r m s  c o l o u r l e s s  c r y s t a l s
( f r o m  b e n z e n e  o r  a c e t o n e - e t h a n o l ) ,  ^ ' 2 9 ^ 2 2 ^ 1 1 *  m *P* 
2 3 0 ° C ,  [<*]d  + 2 7 2 . 5 ° .  It  d i s s o l v e s  i n  c o n c e n t r a t e d
s u l p h u r i c  a c i d ,  a n d  g i v e s  a v i o l e t  f e r r i c  r e a c t i o n .
C h e m i c a l  a p p r o a c h e s  to d e t e r m i n e  t h e  s t r u c t u r e  o f  
d u c l a u x i n  ( 8 3 )  w e r e  u n s u c c e s s f u l ,  s o  an X - r a y  s t u d y  o n  
c r y s t a l s  o f  m o n o b r o m o d u c l a u x i n  ( 8 4 )  w a s  c a r r i e d  out .^~*.
- - 0 C H
(83)  X =H
(8<.) X = B r  (8 5 )
A  c h a r a c t e r i s t i c  o f  d u c l a u x i n  ( 8 3 )  i s  t h e  
f o r m a t i o n  o f  o r a n g e  c o l o u r e d  n i t r o g e n o u s  p i g m e n t s ,  
g i v i n g  a p o s i t i v e  m a g n e s i u m  a c e t a t e  r e a c t i o n  w i t h  
a m m o n i a  a n d  s o m e  p r i m a r y  a m i n e s . ^  T h i s  t y p e  o f
c o m p o u n d  i s  g i v e n  t h e  n a m e  d u c l a u x a m i d e  ( 8 5 ) .  
D u c l a u x i n  g i v e s  d e r i v a t i v e s  w h i c h  d e c o m p o s e  at  t h e i r  
m e l t i n g  p o i n t s  : d i a c e t a t e ,  m . p .  2 5  7 ° C ;  d i m e t h y l  e t h e r ,
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m . p .  1 8 0 ° C ;  d i h y d r o  d e r i v a t i v e ,  m . p .  2 2 5 ° C ;  a n d  t h e  
m o n o b r o m o d e r i v a t i v e  ( 8 4 )  m . p .  2 6 0 ° C .
T h e  nmr  s p e c t r u m  o f  m o n o b r o m o d u c l a u x i n  ( 8 4 )  s h o w e d  
t he  l o s s  o f  o n e  a r o m a t i c  p r o t o n  w h i c h  h a d  b e e n  r e p l a c e d  by  
o n e  a t o m  o f  b r o m i n e ,  a n d  a d o w n f i e l d  s h i f t  o f  t h e  O H  
s i g n a l  w h e n  c o m p a r e d  w i t h  t h e  o r i g i n a l  d u c l a u x i n .
T h i s  i n d i c a t e s  that  t he  b r o m i n e  a t o m  w a s  i n t r o d u c e d  to  a 
p o s i t i o n  a d j a c e n t  to a h y d r o x y l  g r o u p  a n d  n o  s i g n i f i c a n t  
c h a n g e  a r i s e s  i n  t h e  s k e l e t a l  s t r u c t u r e  b y  b r o m i n a t i o n .
i t  g i v e s  n o  c o l o u r  w i t h  a m m o n i a ,  i n d i c a t i n g  t h e  a b s e n c e  
o f  t h e  i s o c o u m a r i n  s y s t e m .
X e n o c l a u x i n  ( 8 6 )  i s  a n o t h e r  m e t a b o l i t e  i s o l a t e d  
f r o m  P e n i c i  I l i u m  d u c l a u x i .  In  c o n t r a s t  t o  d u c l a u x i n
I t  h a s  b e e n  s h o w n  t h a t  d u c l a u x i n  a n d  o t h e r  
m e t a b o l i t e s  o f  P  e n i c i  I l i u m  d u c l a u x i  a r e  d i m e r s  o f
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m o d i f i e d  p h e n a l e n o n e s . O n l y  a f e w  n a t u r a l l y  o c c u r r i n g  
p h e n a l e n o n e s  are  k n o w n ,  e . g .  n o r - h e r q u e i n o n e  ( 8 7 ) .
B i o c h e m i c a l  s t u d i e s  o n  d u c l a u x i n  ( 8 3 )  h a v e  s h o w n
t h a t  i t  h a s  a m a r k e d  u n c o u p l i n g  e f f e c t  o n  o x i d a t i v e  
p h o s p h o r y l a t i o n  by  rat  l i v e r  m i t o c h o n d r i a  at  a d o s e  o f
^  n
2 5  n m o l e / m g  p r o t e i n .  It  w a s  a l s o  s u g g e s t e d  t h a t
d u c l a u x i n  i s  b o u n d  t o  p r o t e i n  b y  e l e c t r o s t a t i c ,  
h y d r o p h o b i c  a n d  c o v a l e n t  i n t e r a c t i o n s .  I t  i n h i b i t s
r e s p i r a t i o n  i n  t u m o u r  c e l l s  a n d  i s o l a t e d  r a t  l i v e r
m i t o c h o n d r i a . ^ ^
T h e  e f f e c t  o f  3 2  n a t u r a l  a n d  s y n t h e t i c  d e r i v a t i v e s
o f  c o u m a r i n ,  d i c o u m a r i n ,  and  4 , 4 ^ - e p o x y d i c o u m a r i n  o n  the
u p t a k e  o f  * ^ C - l a b e l l e d  p r e c u r s o r s  i n  n u c l e i c  a c i d  a nd
p r o t e i n  s y n t h e s i s  w a s  s t u d i e d  i n  E h r l i c k ’ s a s c i t e s
c a r c i n o m a  c e l l s  in v i t r o .  It w a s  f o u n d  t hat  d u c l a u x i n
( 8 3 )  w a s  t h e  m o s t  p o t e n t  i n h i b i t o r  o f  c e l l
7 0p r o l i f e r a t i o n .
I n  t h e  b i o s y n t h e s i s  o f  d u c l a u x i n  ( 8 3 ) ,  a n y  o f  t h e
f o l l o w i n g  t h r e e  p a t h w a y s  ( A ) ,  ( B )  or  ( C )  ( S c h e m e  1 7 ) ,
c o u l d  b e  c o n s i d e r e d ,  l e a d i n g  t o  a h y p o t h e t i c a l
i n t e r m e d i a t e  ( 8 8 )  w h i c h  m i g h t  b e  d i m e r i s e d  b y  p h e n o l
o x i d a t i v e  c o u p l i n g  a n d  a l d o l  c o n d e n s a t i o n . ^ *
I n  e a c h  p a t h w a y ,  a n  a c e t a t e - p o 1 y m a 1 o n a t e 
c o n d e n s a t i o n  w o u l d  f o r m  t he  f u n d a m e n t a l  c a r b o n  s k e l e t o n  
o f  t he  m o n o m e r  ( 8 8 ) ,  w h i l e  in t h e  s c h e m e s  ( B )  a n d  ( C ) ,  
C j - u n i t  i n c o r p o r a t i o n  w o u l d  be  r e q u i r e d  to c o m p l e t e  t he  
s k e l e t o n .  In  a l l  c a s e s ,  a f t e r  d i m e r i s a t i o n ,  a n o t h e r
C j  u n i t  s h o u l d  be  i n t r o d u c e d  to f o r m  a m e t h o x y  g r o u p ,
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P o
OH
0 < \  O ^ C H .
( A )
H c r ^ r ° H (88)
X = C  orO
0 H
0
CF
CH
3
0'
O V OCH b‘
CHCOSCoA
(8 3 )
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a n d  an  a d d i t i o n a l  a c e t y l a t i o n  w o u l d  p r o v i d e  t h e  a c e t o x y  
g r o u p .
I n  f e e d i n g  e x p e r i m e n t s ^ * ,  s o d i u m  f o r m a t e - * ^ 0 ,  
s o d i u m  a c e t a t e - 1 * ^ C ,  a n d  s o d i u m  a c e t a t e - 2 * ^ C  w e r e  
i n c o r p o r a t e d  i n t o  t he  f u n g u s  P e n i c i l l i u m  d u c l a u x i . T h e  
r e s u l t s  a r e  s h o w n  i n  S c h e m e  18  a n d  t h e y  t h e r e f o r e  
i n d i c a t e  t ha t  p a t h w a y  ( A )  i s  t h e  m o s t  p r o b a b l e .
T h e  m o n o m e r  ( 8 9 )  c o u l d  b e  d i m e r i s e d  b y  m e a n s  o f
7 2o x i d a t i v e - p h e n o l  c o u p l i n g .  P h e n o l a t e  r a d i c a l s  are
p r o d u c e d  by  r e m o v i n g  an e l e c t r o n  f r o m  a p h e n o l a t e  a n i o n  
or b y  l o s s  o f  a p r o t o n  f r o m  a p h e n o l .  T h e s e  r a d i c a l s
c o u p l e  t o g e t h e r  i n  p a i r s  to  g i v e  s t a b l e  p r o d u c t s .  T h e  
d i m e r i c  p r o d u c t s  are  f o r m e d  b y  a b s t r a c t i n g  o n e  h y d r o g e n  
a t o m  f r o m  t h e  s t a r t i n g  p h e n o l  a n d  c o u p l i n g  t o g e t h e r  
t h e s e  i n t e r m e d i a t e s  b y  C - C  and  C - O  b o n d s ,  e x c l u s i v e l y  at 
o r t h o  a n d  p a r a  p o s i t i o n s  to  t h e  h y d r o x y l  g r o u p s .  A
p o s s i b l e  d i m e r i s a t i o n  r o u t e  t o  d u c l a u x i n  i s  s h o w n  i n  
S c h e m e  19.
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(a-i) HI
HO
(8 3 )
( b ,  c )
Kuhn-Roth
oxidation
C H ^ O O N a
3
4^ h 3n h 2
2,4- Dinitrophenyl 
deriv:
b= 0-35(0%)
C: 7-00(7*7%)
Schmidt reaction
(a)
(b)
( 0
HCOONa
CH3C 0 0 N q
CHCOONa
3
1E t ,N  1 . .
C H ,I  — *■ -  C H --N (E t )3
96(l009&)
0  QH
HN
CH.
BaC03
b : 6 -4 7 (6 6 7 % )  
C : 0 - 2 l ( 0 % )
H O ^ ^ C H
Duclauxamide 
5-4(0 % )
(The figures in the parentheses are the theoretical values of 
incorporation).
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0 0H
ho- ^ ^ ch
(89)
formation
of
phenolate
radicals
oxidative-phenol 
coupling
0 OH
ho/ \ ^ N : h
methylation,
reduction,
acetylation.
Duclauxin
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2 . 2  T h e  S y n t h e s i s  o f  D u c l a u x i n
T h e  m a i n  s y n t h e t i c  r o u t e  to  d u c l a u x i n  ( 8 3 )  w a s  to  
s y n t h e s i s e  t h e  m o n o m e r  ( 8 9 )  a n d  t h e n  f o r m  a d e r i v a t i v e  
o f  d u c l a u x i n  by  s o m e  t y p e  o f  d i m e r i s a t i o n  r e a c t i o n .
OH CH
(89)
T h e  s y n t h e s i s  i n v o l v e d  p r o d u c t i o n  o f  3 , 5 -  
d i m e t h o x y b e n z y l  c y a n i d e  ( 9 0 )  f r o m  c o m m e r c i a l l y  a v a i l a b l e
3 . 5 - d i h y d r o x y b e n z o i c  a c i d  ( 9 1 )  ( S c h e m e  2 0 ) .  3 , 5 - D i -
h y d r o x y b c n z o i c  a c i d  ( 9 1 )  w a s  m e t h y l a t e d  u s i n g  
d i m e t h y l  s u l p h a t e  a n d  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  to  
g i v e  m e t h y l  3 , 5 - d i m e t h o x y b e n z o a t e  ( 9 2 )  w h i c h  w a s  t h e n  
t r e a t e d  w i t h  t h e  r e d u c i n g  a g e n t ,  l i t h i u m  a l u m i n i u m  
h y d r i d e ,  t o  y i e l d  3 , 5 - d i m e t h o x y b e n z y l  a l c o h o l  ( 9 3 ) .
3 . 5 - D i m e t h o x y  b e n z y l  a l c o h o l  ( 9 3 )  w a s  t r e a t e d  w i t h
t h i o n y l  c h l o r i d e  a n d  p y r i d i n e  t o  g i v e  3 , 5 -
d i m e t h o x y  b e n z y l  c h l o r i d e  ( 9 4 )  w h i c h  w a s  t h e n  t r e a t e d
w i t h  p o t a s s i u m  c y a n i d e  t o  y i e l d  t h e  n i t r i l e ,  3 , 5 -
d i m e t h o x y b e n z y  1 c y a n i d e  ( 9 0 ) .  T h i s  s y n t h e t i c  r o u t e  to
7 1t h e  n i t r i l e  ( 9 0 )  w a s  d e r i v e d  b y  H i n c h l i f f e .  M e t h y l
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3 , 5 - d i m e t h o x y p h e n y l a c e t a t e  ( 9 5 )  w a s  p r e p a r e d  b y  
m e t h a n o l y s i s  o f  t h e  n i t r i l e  ( 9 0 ) .
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T h e  n e x t  s t e p  in  t h e  s y n t h e s i s  i n v o l v e d  t r e a t m e n t  
o f  m e t h y l  3 , 5 - d i m e t h o x y p h e n y l  a c e t a t e  ( 9 5 )  w i t h  l i t h i u m  N  
i s o p r o p y l c y c l o h e x y l a m i d e  as  t h e  b a s e ,  to  f o r m  t h e  a n i o n  
o f  ( 9 5 ) .  T h e  r e s u l t i n g  l i t h i u m  s p e c i e s  w a s  c o n d e n s e d
w i t h  e x c e s s  ( E ) - 3 - m e t h o x y - 2 - b u t e n o y l  c h l o r i d e  ( 9 6 )  to  
g i v e  m e t h y l  2 - ( 3 , 5 - d i m e t h o x y p h e n y l ) - 5 - m e t h o x y - 3 - o x o h e x - 4  
e n o a t e  ( 9 7 )  ( S c h e m e  2 1 ) .
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H o w e v e r ,  t h i s  r e a c t i o n  ( S c h e m e  2 1 )  c o u l d  n o t  be  
c a r r i e d  o u t  s i n c e  a t t e m p t s  t o  p r e p a r e  t h e  h i g h l y  
u n s t a b l e  a c i d  c h l o r i d e ,  ( £ ) - 3 - m e t h o x y - 2 - b u t e n o y l  
c h l o r i d e  ( 9 6 ) ,  w e r e  u n s u c c e s s f u l  ( S c h e m e  2 2 ) .  T h e
a t t e m p t e d  p r e p a r a t i o n  o f  t h e  a c i d  c h l o r i d e  ( 9 6 )  w a s  
c a r r i e d  o u t  b y  t he  s a m e  p r o c e d u r e  as B u c h i  a n d  L e u n g .  ^  
E t h y l  ( £ ’) - 3 - m e t h o x y - 2 - b u t e n o a t e  ( 9 8 )  w a s  p r e p a r e d  b y  
t r e a t i n g  a m i x t u r e  o f  e t h y l  a c e t o a c e t a t e  a n d  t r i m e t h y l  
o r t h o f o r m a t e  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( S c h e m e  
2 3 ) .  T h e  s o d i u m  s a l t  o f  ( E ) - 3 - m e t h o x y - 2 - b u t e n o a t e
( 9 9 )  w a s  t h e n  p r e p a r e d  b y  t r e a t i n g  ( 9 8 )  w i t h  s o d i u m  
h y d r o x i d e  i n  an e s t e r  h y d r o l y s i s  r e a c t i o n .  F i n a l l y
t h i s  s o d i u m  s a l t  ( 9 9 )  w a s  t r e a t e d  w i t h  o x a l y l  c h l o r i d e  
i n  a n  a t t e m p t  t o  p r e p a r e  ( £ ) - 3 - m e t h o x y - 2 - b u t e n o y l
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c h l o r i d e  ( 9 6 ) .  M a n y  a t t e m p t s  t o  c a r r y  o u t  t h i s  f i n a l
s t e p  w e r e  u n s u c c e s s f u l .  T h e  a c i d  c h l o r i d e  w a s  s o
u n s t a b l e  i n  t h a t  i t  f o r m e d  a b r o w n - b l a c k  v i s c o u s  
m a t e r i a l  b e f o r e  i t  c o u l d  e v e n  b e  p u r i f i e d  b y  
d i s t i l l a t i o n .
O n e  w a y  t h a t  o v e r c a m e  t h e  f o r m a t i o n  o f  t h e  
u n s t a b l e  a c i d  c h l o r i d e  ( 9 6 )  w a s  to m a k e  an a c i d  c h l o r i d e  
w i t h  a n  a c e t a l  p r o t e c t i n g  g r o u p ,  i . e .  t h e  e t h y l e n e  
a c e t a l  o f  a c e t o a c e t y l  c h l o r i d e  ( 1 0 0 )  ( S c h e m e  2 4 ) .  T h e  
e t h y l e n e  a c e t a l  o f  e t h y l  a c e t o a c e t a t e  ( 1 0 1 )  w a s  p r e p a r e d  
b y  t r e a t i n g  a m i x t u r e  o f  e t h y l  a c e t o a c e t a t e  a n d  e t h y l e n e  
g l y c o l  w i t h  a c a t a l y t i c  a m o u n t  o f  p - t o l u e n e s u l p h o n i c  
a c i d .  T h i s  a c e t a l  ( 1 0 1 )  w a s  t h e n  h y d r o l y s e d  w i t h  b a s e  
t o  g i v e  t h e  c o r r e s p o n d i n g  s o d i u m  s a l t  ( 1 0 2 ) j  w h i c h  i n  
t u r n  w a s  t r e a t e d  w i t h  o x a l y l  c h l o r i d e  t o  g i v e  t h e  
e t h y l e n e  a c e t a l  o f  a c e t o a c e t y l  c h l o r i d e  ( 1 0 0 ) .  T h i s
a c i d  c h l o r i d e  w a s  p r e p a r e d  j u s t  p r i o r  to  u s e .
T h e  e t h y l e n e  a c e t a l  o f  a c e t o a c e t y l  c h l o r i d e  ( 1 0 0 )  
w a s  r e a c t e d  w i t h  t he  l i t h i u m  s p e c i e s  f o r m e d  b y  t r e a t m e n t  
o f  m e t h y l  3 , 5 - d i m e t h o x y p h e n y l a c e t a t e  ( 9 5 )  w i t h  l i t h i u m  N -  
i s o p r o p y l c y c l o h e x y l a m i d e  ( S c h e m e  2 5 ) .
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T h e  5 - e t h y l e n e  a c e t a l  o f  m e t h y l  2 - ( 3 , 5 - d i m e t h o x y -  
p h e n y l ) - 3 , 5 - d i o x o h e x a n o a t e  ( 1 0 3 )  c o u l d  n o t  b e  i s o l a t e d  
f r o m  t he  r e a c t i o n  m i x t u r e  as a s i n g l e  c o m p o u n d .  T h e
* H  n m r  s p e c t r u m  a n d  t . l . c .  s h o w e d  t h e  c r u d e  r e a c t i o n  
m i x t u r e  to b e  a c o m p l e x  m i x t u r e  o f  p r o d u c t s  t ha t  c o u l d  
n o t  b e  r e s o l v e d  by  c h r o m a t o g r a p h y .  T h e  c r u d e  r e a c t i o n  
m i x t u r e  w a s  u s e d  i n  t h e  n e x t  s t e p  o f  t h e  s y n t h e s i s  to  
g i v e  m e t h y l - 2 - h y d r o x y - 5 , 7 - d i m e t h o x y - 4 - m e t h y l  n a p h t h a l e n e  
1 - c a r b o x y  l a t e  ( 1 0 4 )  as  t h e  o n l y  p r o d u c t .  T h i s  c r u d e
r e a c t i o n  m i x t u r e  w a s  t r e a t e d  w i t h  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  i n  w a t e r  and m e t h a n o l  to g i v e  m e t h y l  2 - h y d r o x y -  
5 , 7 - d i m e t h o x y - 4 - m e t h y l  n a p h t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 4 )  
as  a f i n e ,  w h i t e ,  c r y s t a l l i n e  c o m p o u n d  ( S c h e m e  2 6 ) .
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M e t h y l  2 - h y d r o x y - 5 , 7 - d i m e t h o x y - 4 - m e t h y l  n a p h ­
t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 4 )  w a s  t h e n  m e t h y l a t e d  u s i n g  
d i m e t h y l  s u l p h a t e  to g i v e  m e t h y l  2 , 5 , 7 - t r i m e t h o x y - 4 -  
m e t h y l  n a p h t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 5 )  ( S c h e m e  2 7 ) .
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T h e  n e x t  s t e p  i n  t h e  s y n t h e t i c  r o u t e  i n v o l v e d  
t r y i n g  t o  f o r m y l a t e  m e t h y l  2 , 5 , 7 - t r i m e t h o x y - 4 - m e t h y  1 
n a p h t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 5 )  at  p o s i t i o n  8 i n  t h e  
r i n g  s y s t e m .  T h i s  w a s  a t t e m p t e d  b y  m e a n s  o f  the
V i l s m e i e r  r e a c t i o n .
T h e  V i l s m e i e r  r e a c t i o n  i s  t he  m o s t  c o m m o n  m e t h o d  
f o r  t h e  f o r m y l a t i o n  o f  a r o m a t i c  r i n g s . 7 5  A r o m a t i c
h y d r o c a r b o n s  c a n  o n l y  b e  f o r m y l a t e d  i f  t h e y  ar e  m u c h  
m o r e  a c t i v e  t han  b e n z e n e .  P h o s p h o r u s  o x y c h l o r i d e  and
d i m e t h y l f o r m a m i d e  ( D M F )  r e a c t  t o g e t h e r  t o  f o r m  t h e  
c o m p l e x  ( 1 0 6 ) .  T h e  p r o b a b l e  r e a c t i o n  m e c h a n i s m  i s
s h o w n  in S c h e m e  2 8 .
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T h e  c h l o r o  a m i n e  ( 1 0 7 )  i s  u n s t a b l e  a n d  e a s i l y
h y d r o l y s e d  to t he  p r o d u c t  ( 1 0 8 ) .  W h e n  m e t h y l  2 , 5 , 7 -  
t r i m e t h o x y - 4 - m e t h y l  n a p h t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 5 )  w a s  
t r e a t e d  w i t h  t h e  c o m p l e x  ( 1 0 6 )  n o  r e a c t i o n  t o o k  p l a c e
a n d  o n l y  s t a r t i n g  m a t e r i a l  w a s  r e c o v e r e d .  T h e  d e s i r e d
p r o d u c t  f r o m  t h e  r e a c t i o n  w o u l d  h a v e  b e e n  m e t h y l  8 -  
f o r m y l - 2 , 5  , 7 - t r i m e t h o x y  n a p h t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 9 )  
( S c h e m e  2 9 ) .  P o s i t i o n  8 o f  ( 1 0 5 )  s h o u l d  be  a c t i v a t e d
d u e  to  t he  o r t h o -  and p a r a - d i r e c t i n g  m e t h o x y l  g r o u p .
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F o r t u n a t e l y  t he  n e x t  r e a c t i o n  t h a t  w a s  t r i e d  g a v e  
t h e  d e s i r e d  p r o d u c t  w i t h  t h e  l a c t o n e  r i n g  a t t a c h e d ,  
4 , 6 , 9 - t r i m e t h o x y - 7 - m e t h y l  p y r  an o [  1 , 8 - c ]  n a p  h t h a l e n  - 1 ( 3 / 0 -  
o n e  ( 1 1 0 ) .  M e t h y l  2 , 5 , 7 - t r i m e t h o x y - 4 - m e t h y l
n a p h t h a l e n e - 1 - c a r b o x y l a t e  ( 1 0 5 )  w a s  t r e a t e d  w i t h
m e t h o x y  a c e t y l  c h l o r i d e  a n d  t i n ( I  V ) c h l o r i d e  t o  g i v e  
( 1 1 0 )  ( S c h e m e  3 0 ) .
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T h e  m e c h a n i s m  f o r  t h e  c h l o r o m e t h y  l a t i o n  o f  
a r o m a t i c  c o m p o u n d s  w i t h  m e  t h o x  y a c e  ty  1 c h l o r i d e  a n d  
a l u m i n i u m  c h l o r i d e  d e v e l o p e d  b y  M c K i l l o p ^ ^  w h e r e  t h e  
m e t h o x y  m e t h y l  c a t i o n  ( 1 1 1 )  i s  p o s t u l a t e d  a s  a n  
i n t e r m e d i a t e  i s  a n a l o g o u s  to  t h e  o n e  f o r  t h e  f o r m a t i o n  
o f  t h e  l a c t o n e  r i n g  i n  ( 1 1 0 ) .  T h e  f o r m a t i o n  o f  t h e
l a c t o n e  r i n g  r e s u l t s  f r o m  L e w i s  a c i d  i n d u c e d  c y c l i s a t i o n  
o f  t h e  i n t e r m e d i a t e  m e t h o x y  m e t h y l  d e r i v a t i v e  ( S c h e m e  
3 1 ) .
Me0CHoC0Cl + SnCl. ----------- MeO * CH0 1 C = 0 SnCl_2 4 - 2 5
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V a r i o u s  r e a g e n t s  h a v e  b e e n  u s e d  i n  an a t t e m p t  to  
d e m e t h y l a t e  4 , 6 , 9 - t r i m e t h o x y - 7 - m e t h y l  p y r a n o [ l  , 8 , c ]  
n a p h t h a l e n - 1 ( 3 / / ) - o n e  ( 1 1 0 ) .  T h e s e  are  as  f o l l o w s : -
( a )  B o r o n  t r i b r o m i d e :  T h i s  r e a g e n t  h a s  b e e n  u s e d  w i d e l y
t o  c l e a v e  e t h e r  p r o t e c t i n g  g r o u p s  u n d e r  m i l d  c o n d i t i o n s  
w i t h o u t  a f f e c t i n g  a l a r g e  n u m b e r  o f  o t h e r  f u n c t i o n a l  
g r o u p s .  A l s o  t he  n e e d  f or  t he  u s e  o f  s t r o n g l y  a c i d i c
o r  b a s i c  r e a c t i o n  c o n d i t i o n s ? or  r e d u c i n g  e n v i r o n m e n t s  
c a n  b e  a v o i d e d .  T h e s e  a d v a n t a g e s  w o u l d  t h e r e f o r e  be  
i d e a l  f o r  t h i s  r e a g e n t  to be  u s e d  to d e m e t h y l a t e  ( 1 1 0 ) .
B o r o n  t r i b r o m i d e  w a s  f o u n d  to be  a u s e f u l  r e a g e n t
7 7by  B e n t o n  and D i l l o n  as e a r l y  as 1 9 4 2  but  t h i s  w a s  n o t
r e c o g n i s e d  u n t i l  1 9 6 3  w h e n  M c O m i e  p u b l i s h e d  p a p e r s  o n
7 8t h e  u s e f u l n e s s  o f  b o r o n  t r i b r o m i d e .
U s i n g  b o r o n  t r i b r o m i d e  t o  d e m e t h y l a t e  4 , 6 , 9 -  
t r i m e t h o x y - 7 - m e t h y l  p y r a n o [ 1 . 8 . c 1 n a p h t h a l e n - l ( 3 H ) - o n e  
( 1 1 0 )  w a s  s o m e w h a t  d i s a p p o i n t i n g  in t hat  i t  o n l y  c l e a v e d  
o n e  o f  t he  m e t h o x y l  g r o u p s .  T h e  p r o d u c t  o b t a i n e d  w a s  
9 - h y d r o x y - 4 , 6 - d i m e t h o x y - 7 - m e t h y l  p y  r a n o  [ 1 , 8  , c ]  - 
n a p t h a l e n - 1 ( 3 / / ) - o n e  ( 1 1 2 )  ( S c h e m e  3 2 ) .
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( b )  H y d r o b r o m i c  a c i d :  A q u e o u s  h y d r o b r o m i c  a c i d ,
p a r t i c u l a r l y  w i t h  a c e t i c  a c i d  as  a c o - s o l v e n t ,  h a s  b e e n  
e x t e n s i v e l y  u s e d  t o  c l e a v e  e t h e r s .  U s i n g  t h i s  r e a g e n t  
t o  c l e a v e  4 , 6 , 9 - t r i m e t h o x y - 7 - m e t h y l  p y r a n o  [ 1 , 8  , c ]  
n a p t h a l e n - 1 ( 3 / / ) - o n e  ( 1 1 0 )  g a v e  a c o m p l e x  m i x t u r e  o f
p r o d u c t s  w h i c h  c o u l d  n o t  b e  r e s o l v e d .
( c )  A l u m i n i u m  c h l o r i d e  w i t h  e t h a n e t h i o l :  T h i s  s y s t e m
w o r k s  o n  t h e  p r i n c i p l e  o f  u s i n g  a h a r d  a c i d ,  a l u m i n i u m  
c h l o r i d e ,  w i t h  a s o f t  n u c l e o p h i l e ,  e t h a n e t h i o l . ^ ^  
A l u m i n i u m  c h l o r i d e  i s  c o m p l e x e d  t o  t h e  o x y g e n  a t o m  o f  
t h e  e t h e r  g r o u p  t o  b e  c l e a v e d .  E t h a n e t h i o l  t h e n
a t t a c k s  i n  a S jq 2  r e a c t i o n  as  f o l l o w s :
EtSH
R-O-H
T h i s  s y s t e m  w a s  h o w e v e r  i n e f f e c t i v e  i n  t h e  d e m e t h y l a t i o n  
o f  4 , 6 , 9 - t r i m c t h o x y - 7 - m c t h y l  p y  r a n o  [ 1 , 8  , c  ] n a p h t h a l e n -  
1 ( 3 / f  ) - o n e  ( 1 1 0 ) .
( d )  A l u m i n i u m  c h l o r i d e :  A s  w i t h  o t h e r  L e w i s  a c i d s ,
a l u m i n i u m  c h l o r i d e  f o r m s  a d d i t i o n  c o m p o u n d s  o f  t h e  a c i d -  
b a s e  t y p e  w i t h  m o s t  e t h e r s .  I t  h a s  a l s o  b e e n  u s e d  to  
s e l e c t i v e l y  c l e a v e  m e t h o x y  g r o u p s  a d j a c e n t  t o  a n  
a l d e h y d e  or  a k e t o n e  f u n c t i o n  w i t h o u t  a f f e c t i n g  o t h e r
70
m e t h o x y  g r o u p s  p r e s e n t  i n  t h e  m o l e c u l e .
T h e  p r o d u c t  o b t a i n e d  f r o m  t h e  t r e a t m e n t  o f  4 , 6 , 9 -  
t r i m e t h o x y - 7 - m e t h y l  p y r a n o [ l , 8 , c ] n a p t h a l e n - l ( 3 / / ) - o n e
( 1 1 0 )  w a s  9 - h y  d r o x y - 4 , 6 - d i m e t h o x y - 7 - m e t h y l  p y r a n o [ l  , 8 , c J  
n a p h t h a l e n - 1 ( 3 / f ) - o n e  ( 1 1 2 ) .
( e )  P y r i d i n e  h y d r o c h l o r i d e :  T h e  r e a c t i o n  i n v o l v i n g  t h e
u s e  o f  t h e  s a l t ,  p y r i d i n e  h y d r o c h l o r i d e ,  i s  c a r r i e d  o u t  
at  a p p r o x i m a t e l y  1 8 0 - 2 0 0 ° C  w i t h o u t  an  a d d i t i o n a l  s o l v e n t  
a n d  u s i n g  a l a r g e  e x c e s s  o f  t h e  s a l t .  F o r  e x a m p l e
( 1 1 3 )  i s  c o m p l e t e l y  d e m e t h y l a t e d  t o  g i v e  ( 1 1 4 ) :
T h i s  r e a g e n t  f a i l e d  t o  d e m e t h y l a t e  4 , 6 , 9 -  
t r i m e t h o x y - 7 - m e t h y l  p y r a n o  [ 1 , 8  , c ]  n a p h t h a l e n  - 1 ( 3 / f ) - o n e  
( 1 1 0 ) .
CHAPTER 3.
7 1
T h e  S y n t h e s i s  o f  C y c l i c  P h o s p h o n a t e s  as  P o t e n t i a l  
A n t i t u m o u r  C o m p o u n d s .
3 . 1  T h e  S y n t h e s i s  o f  2 - D i m e t h y l a m i n o - 6 , 8 - d i h y d r o x y - 3 -  
m e  t h y  1 - 2 / / -  l , 2 A * * - b e n z o x a p h o s p h o r i n - 2 , 4 ( 3 / / ) d i o n e
T h e  s y n t h e s i s  i n v o l v e d  t h e  p r o d u c t i o n  o f  m e t h y l
2 , 3 , 5 - t r i m e t h o x y b e n z o i c  a c i d  ( 1 1 5 )  f r o m  v a n i l l i n  ( 1 1 6 )  
( S c h e m e  3 3 ) .  V a n i l l i n  ( 1 1 6 )  w a s  b r o m i n a t e d  u s i n g
b r o m i n e  i n  g l a c i a l  a c e t i c  a c i d  to  g i v e  3 - b r o m o - 4 - h y d r o x y -  
5 - m e t h o x y  b e n z a l d e h y d e  ( 1 1 7 ) .  ( 1 1 7 )  w a s  t h e n  o x i d i s e d
i n  a B a e y e r - V i l l i g e r  o x i d a t i o n  r e a c t i o n  t o  y i e l d  2 , 5 -  
d i h y d r o x y - 3 - m e t h o x y  b r o m o b e n z e n e  ( 1 1 8 )  w h i c h  w a s  t h e n  
m e t h y l a t e d  u s i n g  d i m e t h y l  s u l p h a t e  to  g i v e  2 , 3 , 5 -
o n
t r i m e t h o x y b r o m o b e n z e n e  ( 1 1 9 ) .  T h e  a n i o n  o f  2 , 3 , 5 -
t r i m e t h o x y  b r o m o b e n z e n e  ( 1 1 9 )  f o r m e d  u s i n g  n - b u t y l l i t h i u m  
w a s  t h e n  c a r b o x y l a t e d  t o  g i v e  2 , 3 , 5 - t r i m e t h o x y b e n z o i c  
a c i d  ( 1 2 0 ) . * * *  2 , 3 , 5 - T r i m e t h o x y b e n z o i c  a c i d  ( 1 2 0 )  w a s
e s t e r i f i e d  b y  s a t u r a t i n g  t h e  c o m p o u n d  i n  m e t h a n o l  w i t h  
h y d r o g e n  c h l o r i d e  to  y i e l d  m e t h y l  2 , 3 , 5 - t r i m e t h o x y -  
b e n z o a t e  ( 1 1 5 ) . * * ^
O H C ^  Br2 OHC-s^^Br
^ V ^ O H  k J ^ O H
0Me OMe
( n a )  (117)
¥ 2
OMe
(i )n BuLi
(ii) co2
M e ^
N y ^ O H
OMe
(us)
< ^ S r C02H HCl in M e O ^ X r -CC^Me
V ^ O M e M e O H \X"OMe
OMe OMe
(120) (us)
SCHEME 33
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B e f o r e  t h e  n e x t  s t e p  i n  t h e  s y n t h e s i s  c o u l d  b e  
c a r r i e d  o u t ,  e t h y l p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e )
( 1 2 1 )  h a d  t o  b e  p r e p a r e d .  E t h y l p h o s p h o n i c  d i c h l o r i d e
( 1 2 2 )  w a s  f i r s t l y  p r e p a r e d  b y  t h e  p r e p a r a t i o n  o f  J . P .
o a
C l a y . OJ T h e  m e t h o d  m a y  b e  r e p r e s e n t e d  b y  t h e
f o l l o w i n g  r e a c t i o n s :
( X ) CH3CH2Br + PC13 + A1C13  C2H5PX3 A1X4
(insoluble complex) 
X = Br or Cl
( 2 ) c2h5px3 +A!X4- - c-onc- HC1 >  C2H5P(0)C12
( 122)
H o w e v e r ,  s e v e r a l  f a c t o r s  a r e  i m p o r t a n t  i n  t h e  
p r e p a r a t i o n  o f  ( 1 2 2 )  w h i c h  i n c l u d e  t h e  o r d e r  o f  m i x i n g  
o f  t h e  r e a g e n t s ,  c o n t r o l  o f  t e m p e r a t u r e ,  a n h y d r o u s  
c o n d i t i o n  o f  t h e  r e a g e n t s  a n d  a p p a r a t u s ,  a n d  m o l a r  r a t i o  
o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  to c o m p l e x  u s e d  i n  t h e  
h y d r o l y s i s .
T h e  p r e p a r a t i o n  o f  e t h y l p h o s p h o n i c  a c i d  
b i s ( d i m e t h y l a m i d e )  ( 1 2 1 )  w a s  a t t e m p t e d  b y  r e a c t i n g  
e t h y l p h o s p h o n i c  d i c h l o r i d e  ( 1 2 2 )  w i t h  a s o l u t i o n  o f  
d i m e t h y l a m i n e  i n  e t h a n o l .  T h e  p r o d u c t  o b t a i n e d  w a s
a c t u a l l y  d i e t h y l  e t h a n e p h o s p h o n a t e  ( 1 2 3 ) .  T h e  s t r o n g
p h o s p h o r u s - o x y  g e n  b o n d  w i l l  p r e f e r e n t i a l l y  f o r m  i n s t e a d
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o f  t h e  p h o s p h o r u s  n i t r o g e n  b o n d .
Me NH
C2H5P<0>C12    C2H5P(0)<0C2H5)2
in EtOH
(122) (123)
E t h y l p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e )  ( 1 2 1 )  w a s  
a c t u a l l y  p r e p a r e d  b y  r e a c t i n g  ( 1 2 2 )  w i t h  a s o l u t i o n  o f  
d i m e t h y l a m i n e  i n  e t h e r .
Me NH
C2H5P(0)C12  ^  C2H5P(0)(NMe2)2
in ether
( 122) ( 121)
M e t h y l  2 , 3  , 5  - 1 r i m e  t h o  x y b e n  z o  a t  e  ( 1 1 5 )  r e a c t e d  
s u c c e s s f u l l y  w i t h  t h e  a n i o n  o f  e t h y l  p h o s p h o n i c  a c i d  
b i s ( d i m e t h y l a m i d e )  t o  g i v e  t h e  P - k e t o p h o s p h o n a m i d e  ( 1 2 4 )  
i n  h i g h  y i e l d  ( S c h e m e  3 4 ) .
0 i
M e O v y y X O ^ M e
P 'O
^ N M e? MeO
OMe
(115) (124)
SCHEME 34.
T h e  p r o t o n  n m r  s p e c t r u m  ( r u n  i n  d j - c h l o r o f o r m )  o f  
t h e  p - k e t o p h o s p h o n a m i d e  ( 1 2 4 )  w a s  u n u s u a l  i n  t h a t  t h e r e  
w a s  c o u p l i n g  o b s e r v e d  b e t w e e n  t h e  p h o s p h o r u s  a t o m  
( 1 = ^ / 2 ) a n d  t h e  p r o t o n s .  T h i s  c o u p l i n g  w a s  a c t u a l l y
o b s e r v e d  o v e r  t h r e e  b o n d  l e n g t h s .  D u e  t o  t h i s  e f f e c t
t h e  n m r  s i g n a l  o f  t h e  p r o t o n  a -  t o  t h e  k e t o n e  c a r b o n y l  
g r o u p  i s  s p l i t  i n t o  a d o u b l e t  o f  q u a r t e t s  at  4 . 5 3  p p m  
( / p H  =  1 8 H z ) .  T h e  n mr  s i g n a l  o f  t he  m e t h y l  g r o u p  a -  to  
t h e  k e t o n e  c a r b o n y l  i s  s p l i t  i n t o  a d o u b l e t  o f  d o u b l e t s  
at  1 . 4 9  p p m  (*fpjj  = 1 6 H z ) .  T h e  7 V - m e t h y l s  a r e  n o t
e q u i v a l e n t  a n d  t h e i r  n m r  s i g n a l  c o n s i s t s  o f  t w o  d o u b l e t s  
at 2 . 5 8  p p m  and  2 . 6 0  p p m .  T h e  n o n - e q u i v a l e n c e  o f  t he
m e t h y l s  i s  d u e  t o  c o n t r i b u t i o n  o f  t h e  r e s o n a n c e  
s t r u c t u r e  ( 1 2 5 )  o f  t h e  p h o s p h o n a m i d e  g r o u p  a n d  t h e
-i
p h o s p h o r u s  c o u p l i n g  ( /p p j  = 1 2 H z )  ( s e e  d i a g r a m ) .
( 124)
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W h e n  t h e  ( J - k e t o p h o s p h o n a m i d e  ( 1 2 4 )  i s  t r e a t e d  w i t h  
b o r o n  t r i b r o m i d e  a n  i n t e r e s t i n g  p h o s p h o r u s  h e t e r o c y c l i c  
c o m p o u n d  i s  f o r m e d .  T h i s  c y c l i c  p h o s p h o n a t e ,  2 -
d i m e t h y l a m i n o - 6 , 8 - d i h y d r o x y - 3 -  m e t h y l - 2 / /  - 1 , 2  A ^ - b e n z o x a -  
p h o s p h o r i n - 2 , 4 ( 3 / / ) - d i o n e  ( 1 2 6 ) ,  a l s o  h a s  an  u n u s u a l  n m r  
s p e c t r u m .  T h e  c h e m i c a l  s h i f t  ( i n  d ^ - a c e t o n e )  o f  t h e
p r o t o n  a -  to  t h e  k e t o n e  c a r b o n y l  m o v e s  u p f i e l d  t o  3 . 6 3  
p p m  a n d  t h e  s h i f t  o f  t h e  p r o t o n s  o f  t h e  m e t h y l  g r o u p s  
m o v e s  u p f i e l d  to 1 . 2 9  p p m .  T h e  s i g n a l  o f  t h e  i V - m e t h y l s  
a p p e a r s  d o w n f i e l d  as  a d o u b l e t  at  2 . 8 2  p p m .  T h e  N_- 
m e t h y l s  a r e  a c c i d e n t a l l y  e q u i v a l e n t  i n  t h i s  s t r u c t u r e
'l
( P H  =  ( s e e  d i a g r a m ) .
0
0
MeO
OMe 
(124)
Me BBr.
0
HO
OH
(126)
P ^ O  
x NMe2
24 It 17Hz
^ p = 0
\  10 Hr
OH .N. \
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3 . 2  T h e  S y n t h e s i s  o f  S o m e  O t h e r  C y c l i c  P h o s p h o n a t e s .
S e v e r a l  o t h e r  c y c l i c  p h o s p h o n a t e  c o m p o u n d s  w e r e  
p r e p a r e d .  T h e s e  a r e  as  f o l l o w s :
o
(127)
Me
“0
NMe„ NMe,
(128)
HO
P = 0
X NMe.
T h e  c y c l i c  p h o s p h o n a t e  ( 1 2 7 )  w a s  p r e p a r e d  u s i n g  
m e t h y l  2 - h y d r o x y b e n z o a t e  ( 1 3 0 )  as  t h e  s t a r t i n g  m a t e r i a l  
( S c h e m e  3 5 ) .
(130)
BBr;
N M e
SCHEME 35
< ^ Y ccr e
(131)
9 r "l-z-Q
/*
NM e^N M ^
0  0
NMe2) 2
^ ^ 0 M e Me 
(132)
7 8
T h e  c y c l i c  p h o s p h o n a t e  ( 1 2 8 )  w a s  s i m i l a r l y  
p r e p a r e d  u s i n g  2 , 3 - d i m e t h o x y b e n z o i c  a c i d  ( 1 3 3 )  a s  
s t a r t i n g  m a t e r i a l .  ( 1 3 3 )  w a s  e s t e r i f i e d  b y  s a t u r a t i n g  
t h e  c o m p o u n d  in  m e t h a n o l  w i t h  h y d r o g e n  c h l o r i d e  t o  y i e l d  
m e t h y l  2 , 3 - d i m e t h o x y  b e n z o a t e  ( 1 3 4 )  ( S c h e m e  3 6 ) .
HCl in
OMe 
(.133)
M eO H
BBn
(128)
,P=0 
NMe')NMe2
SCHEME 36
P(NMe2).
A g a i n  t he  c y c l i c  p h o s p h o n a t e  ( 1 2 9 )  w a s  p r e p a r e d  b y  
m e t h y l a t i n g  t h e  s t a r t i n g  m a t e r i a l  2 , 5 - d i h y  d r o x y b e n z o i c  
a c i d  ( 1 3 6 )  w i t h  d i m e t h y l  s u l p h a t e  to  g i v e  m e t h y l  2 , 5 -  
d i m e t h o x y b e n z o a t e  ( 1 3 7 )  ( S c h e m e  3 7 ) .
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H0v^ \ / C 0 2H
(1 3 6 )
M e2 S 0 4 MeO'vr^ >\ rXC^ Me
BBr.
SCHEME 37.
^x'NjMe 
(137)
9 ^
P = 0
\ N M e.
N M e,
MeO
O M e
0
II, \  P ( N M e 2) 2
T h e s e  c y c l i c  p h o s p h o n a t e  c o m p o u n d s  a r e  p o t e n t i a l  
a n t i t u m o u r  c o m p o u n d s .  T h e y  are  s o o n  to  b e  s e n t  a w a y  to  
a s s e s s  t h e i r  p o t e n t i a l  a n t i t u m o u r  p r o p e r t i e s .
CHAPTER 4.
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4 . 1  I n t r o d u c t i o n  to  D i f  f e r a n i s o l e  A
D i f f e r a n i s o l e  A  ( 1 3 7 ) ,  a s e c o n d a r y  m e t a b o l i t e ,  w a s  
f i r s t  d i s c o v e r e d  i n  t h e  c u l t u r a l  b r o t h  o f  a C  h a e t e m i u m
0 4  o  c
s t r a i n  R B - 0 0 1  f r o m  a s o i l  s a m p l e .  ’ I t  h a s  b e e n
f o u n d  t o  i n d u c e  d i f f e r e n t i a t i o n  i n  m o u s e  m y e l o i d  
l e u k a e m i a  M l  c e l l s  a n d  m o u s e  m e l a n o m a  B 1 6  c e l l s  as
j u d g e d  b y  t h e  i n d u c t i o n  o f  l y s o z y m e  a n d  t y r o s i n a s e  
a c t i v i t y  r e s p e c t i v e l y .  H o w e v e r  d i f f e r e n t i a t i o n  o f
h u m a n  p r o m y e l o i d  l e u k a e m i a  H L 6 0  c e l l s  b y  d i f f e r a n i s o l e  
A  w a s  n o t  o b s e r v e d  w h e n  l y s o z y m e  i n d u c t i o n  w a s  u s e d  as  
t h e  t e s t .  W h e n  n e u r o b l a s t o m a  c e l l s  t r e a t e d  w i t h
d i f f e r a n i s o l e  A  ar e  t r a n s p l a n t e d  to  A / J  m i c e  a p p a r e n t l y  
i n h i b i t i n g  t h e  g r o w t h  o f  t u m o u r s ,  i t  w a s  f o u n d  t o  
d e c r e a s e  t h e  t u r m o g e n  i c i t y o f  t h e  c e l l s .  I t  i s
t h e r e f o r e  a p p a r e n t  t h a t  d i f f e r a n i s o l e  A  a p p e a r s  t o
e x h i b i t  b o t h  i n  v i v o  a n d  i n  v i t r o  a n t i t u m o u r  e f f e c t s .  
T h i s  i s  a v e r y  b e n e f i c i a l  p r o p e r t y  s i n c e  m a n y  s u b s t a n c e s  
a r e  k n o w n  t o  i n d u c e  d i f f e r e n t i a t i o n  o f  t u m o u r  c e l l s  i n  
v i t r o ,  b u t  f e w  h a v e  b e e n  r e p o r t e d  w h i c h  g i v e  a p o s i t i v e  
i n  v i v o  e f f e c t .
D i f f e r a n i s o l e  A  i s  an a c i d i c  c o m p o u n d ,  a n d  m a s s  
s p e c t r o s c o p i c  a n a l y s i s  s h o w e d  i t  t o  h a v e  m o l e c u l a r  
f o r m u l a  ( M . W .  2 7 9 . 1  1 9 3 ) .  I t  s h o w s  n o
o p t i c a l  a c t i v i t y  a n d  h a s  t h r e e  u l t r a v i o l e t  a b s o r p t i o n  
m a x i m a  i n  m e t h a n o l  at 3 1 8  n m  ( e  2 7 0 0 ) ,  2 5 7  n m  ( e  4
0 6 0 ) ,  a n d  2 2 0  n m  ( 8  2 3 0 0 ) .  T h e  i n f r a - r e d  s p e c t r u m
( K B r  d i s c )  s h o w s  t h r e e  m a j o r  a b s o r p t i o n  b a n d s .  T h e  
l a r g e  b r o a d  a b s o r p t i o n  at 3 6 0 0 - 3 3 0 0  c m ~ *  i s  t y p i c a l  o f  a 
h y d r o g e n  b o n d e d  h y d r o x y l  g r o u p  s t r e t c h .  A n  a b s o r p t i o n
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b a n d  at  1 6 4 0  c m “ * i s  t y p i c a l  o f  a c a r b o n y l  s t r e t c h ,  a n d  
an  a b s o r p t i o n  b a n d  at  1 5 7 5  c m “ * i n d i c a t e s  a n  a r o m a t i c  
r i n g  a b s o r p t i o n  f r e q u e n c y .  T h e  1 0 0  M H z  *H n m r  s p e c t r u m  
( i n  d g - a c e t o n e )  s h o w s  r e s o n a n c e s  at  8  3 . 9 4 ( s ) ,  3 . 1 5 ( m ) ,
1 . 6 1 ( m )  a n d  1 . 0 2  p p m  ( t ) .  T h e  n m r  s p e c t r u m  ( i n  d^-
m e t h a n o l )  s h o w s  s i x  t y p e s  o f  a r o m a t i c  c a r b o n s  a t  5  
1 1 3 . 4 ,  1 1 5 . 0 ,  1 1 9 . 1 ,  1 4 2 . 7 ,  1 5 3 . 8  a n d  1 5 7 . 1  p p m .
C h e m i c a l  t e s t s  o n  d i f f e r a n i s o l e  A  h a v e  s h o w n  t h a t  
i t  g i v e s  p o s i t i v e  i o d i n e  a n d  K M n O ^  r e a c t i o n s  b u t  
n e g a t i v e  F e h l i n g  a n d  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  
r e a c t i o n s .  It i s  s o l u b l e  i n  H 2 O ,  M e O H ,  a c e t o n e ,  D M F  
a n d  D M S O  but  i n s o l u b l e  in  / i - h e x a n e  or  p e t r o l e u m  e t h e r .
T h e  s p e c t r o s c o p i c  a n d  c h e m i c a l  d a t a  t h e r e f o r e  
i n d i c a t e  t h a t  d i f f e r a n i s o l e  A  i s  a h i g h l y  s u b s t i t u t e d  
b e n z e n e  r i n g  w i t h  n - p r o p y l ,  m e t h o x y  a n d  c a r b o n y l  g r o u p s  
as  t h e  s u b s t i t u t e d  g r o u p s  o n  t h e  r i n g .
T h e  s t r u c t u r e  o f  d i f f e r a n i s o l e  A  w a s  c o n f i r m e d  b y  
s i n g l e  c r y s t a l  X - r a y  d i f f r a c t i o n  a n a l y s i s . I t  w a s  
f o u n d  t h a t  t h e r e  w a s  an i n t r a m o l e c u l a r  h y d r o g e n  b o n d  
b e t w e e n  a c a r b o x y l i c  o x y g e n  a n d  t h e  a d j a c e n t  o x y g e n  
g r o u p .  T h e  p l a n a r  a r o m a t i c  r i n g  h a s  a m e t h o x y  g r o u p
a t t a c h e d  at C - 4  w h i c h  l i e s  b e l o w  t h e  r i n g  a n d  a p r o p y l
g r o u p  at  C - 6  l y i n g  a b o v e  t h e  r i n g ,  i n  p l a n e s  w h i c h  are  
a l m o s t  p e r p e n d i c u l a r  to  t h e  r i n g .  F i n a l l y  t h e r e  ar e
t w o  c h l o r i n e  a t o m s  at C - 3  a n d  C - 5  w i t h  t h e  c a r b o x y l  a n d  
h y d r o x y l  g r o u p s ,  at C - l  a n d  C - 2  r e s p e c t i v e l y ,  l y i n g  i n  t h e
p l a n e  o f  t h e  r i n g .  T h e  c r y s t a l  s t r u c t u r e  o f
d i f f e r a n i s o l e  A  i s  t h o u g h t  to  c o n s i s t  o f  d i m e r s  l i n k e d
by  h y d r o g e n  b o n d s .
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D i f f e r a n i s o l e  A  i s  p r o b a b l y  b i o s y n t h e s i s e d  v i a  
t h e  p o l y k e t i d e  p a t h w a y  ( S c h e m e  3 8 ) .
(a) Activation 1.
CH CO H + CoASHO a CHgCOSCoA
(b) Activation 2.
CH COSCoA + COO Z CH -COSCoAA
c °2h
(c) Priming Reaction.
.SH
(i) CH.COSCoA + Enz 
3 \ SH
CH COS-Enz-SH + CoASH o
(ii) CH -COSCoA + CH -COSEnzSH| 2  o
c o 2 h
CHgCOS-Enz-SCOCHg-COgH
+ CoASH
(d) Condensation.
CH
3
CH
2
Enz
c /
w
0
S  m- CH -CO-CH COSEnzSHo 2
(e) Reduction 1.
CH COCH COSEnzSHO a CH CH(OH)CH COSEnzSHO £»
(f) Dehydration.
2
CH CH(OH)CH COSEnzSH --------- ►  CH.CH = CHCOSEnzSHO a u
(g) Reduction 2.
CH CH = CH-COSEnzSH o CH CH CH COEnzSH«3 A A
(h) Repeat steps (c)(ii) to (d) three times
(i) Termination.
COSEnzSH
CoASH
COSEnzSH COSCoA
+ Enz
/ S 4
\ SH
(j) Hydrolysis.
COSCoA CO H
(k) (i) Aldol condensation
(ii) Enolisation
(iii) Chlorination 
(iv) Methylation
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4 . 2  T h e  S y n t h e s i s  o f  D i f f e r a n i s o l e  A .
T h e  s y n t h e t i c  r o u t e  t o  d i f f e r a n i s o l e  A  i s  s h o w n  i n  
S c h e m e  3 9 .
o  ( i « )  
V ^ C 0 2Ef
0
X f ' C 0 2Ef
C l^ ^ ^ C 02Ef
OH
(m )
OH
(139)
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T h e  f i r s t  s t e p  i n  t h e  s y n t h e s i s  i n v o l v e s  r e a c t i n g  
t o g e t h e r  e t h y l c h l o r o a c e t a t e  a n d  t r i e t h y  l p h o s p h i t e  i n  a 
M i c h a e l i s - A r b u s o v  t y p e  o f  r e a c t i o n  t o  p r o d u c e  t h e  
p h o s p h o n a t e  e s t e r ,  t r i e t h y l  p h o s p h o n o a c e t a t e  ( 1 4 0 ) .  
T h e  r e a c t i o n  p r o c e e d s  b y  a n  i n i t i a l  q u a t e r n i s a t i o n  o f  
t h e  p h o s p h i t e  b y  n u c l e o p h i l i c  a t t a c k  o n  t h e  h a l i d e  t o  
g i v e  a d i o x y p h o s p h o n i u m  s a l t  ( 1 4 1 )  a n d  t h e  s u b s e q u e n t  
d e a l k y l a t i o n  o f  t h e  p h o s p h o n i u m  c a t i o n  b y  t h e  h a l i d e  i o n  
w h i c h  h a s  b e e n  d i s p l a c e d  i n  t h e  p r e v i o u s  s t e p . ^ ^ * ^ ^  
B o t h  s t e p s  are  S j ^ 2 - t y p e  r e a c t i o n s .  T h e  d r i v i n g  f o r c e
o f  t h i s  r e a c t i o n  i s  u n d o u b t e d l y  t h e  f o r m a t i o n  o f  t h e  
e x t r e m e l y  s t r o n g  P = 0  b o n d  ( S c h e m e  4 0 ) .
(EtO) PI (Et0)o P
0 0
II
CH - C - OEtA
CH_ - CH 
a 2 3
(141)
f
0
II
(EtO) - P - CH
0
II
- C - OEt + CH -CH -Clo O
(1 4 0 )
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T h e  p h o s p h o n a t e  e s t e r  ( 1 4 0 )  w a s  t h e n  d e p r o t o n a t e d  
b y  s o d i u m  h y d r i d e  a n d  t h e  r e a c t i v e  c a r b a n i o n  ( a n  y l i d e )  
s o  f o r m e d  a t t a c k e d  t h e  a l d e h y d e  c a r b o n  o f  b u t y r a l d e h y d e .  
A  f o u r  m e m b e r e d  r i n g  ( a  b e t a i n e )  i s  f o r m e d  w h e n  t h e  
o x y g e n  f r o m  b u t y r a l d e h y d e  f o r m s  a b o n d  t o  t h e  
p h o s p h o r u s .  T h e  p h o s p h o r u s - c a r b o n  b o n d  b r e a k s  as  t h e
p h o s p h o r u s - o x y  g e n  b o n d  i s  f a r  s t r o n g e r  a n d ,  t h e r e f o r e ,  
m o r e  f a v o u r a b l e .  T h i s  r e s u l t s  i n  t h e  f o r m a t i o n  o f
e t h y l  h e x - 2 - e n o a t e  ( 1 4 2 )  ( S c h e m e  4 1 ) .
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T h e  M  i c h a e  1 i s - A  r b u s o v r e a c t i o n  h a s  s e v e r a l
m o d i f i c a t i o n  o f  t h e  W i t t i g  r e a c t i o n  i n  t h a t  i t  u t i l i s e s  
a p h o s p h o n a t e  c a r b a n i o n  i n s t e a d  o f  a t r i a l k y l
r e a c t i v e  a n d  h e n c e  t h e  r e a c t i o n  t i m e  i s  r e d u c e d .  
A n o t h e r  r e a s o n  f o r  u s i n g  t h e  p h o s p h o n a t e  a n i o n  i s  t h a t  
g r e a t e r  s e l e c t i v i t y  i s  s h o w n  f o r  t h e  t r a n s - o l e f i n  a s  
o p p o s e d  t o  u s i n g  t h e  n o r m a l  W i t t i g  r e a g e n t  w h e r e  a 
m i x t u r e  o f  c i s -  an d  t r a n s -  i s o m e r s  w o u l d  b e  o b t a i n e d .
T h e  n e x t  s t e p  i n  t h e  s y n t h e s i s  i n v o l v e s  h e a t i n g  
e t h y l  h e x - 2 - e n o a t e  ( 1 4 2 )  w i t h  e t h y l  a c e t o a c e t a t e  i n  an  
e t h a n o l i c  s o l u t i o n  o f  s o d i u m  e t h o x i d e  t o  g i v e  e t h y l  6 - 
p r o p y l - 5 , 6 - d i h y d r o - p - r e s o r c y l a t e  ( 1 4 3 )  a s  p a l e  y e l l o w  
c r y s t a l s .  T h e  e t h o x i d e  i o n  f o r m s  a c a r b a n i o n  w i t h
e t h y l  a c e t o a c e t a t e  w h i c h  a t t a c k s  t h e  d o u b l e  b o n d  o f  
e t h y l  h e x - 2 - e n o a t e  ( 1 4 2 )  i n  a M i c h a e l  a d d i t i o n .  T h e
p r o d u c t ,  e t h y l  6 - p r o p y l - 5 , 6 - d i h y d r o - p - r e s o r c y l a t e  ( 1 4 3 )  
h a s  t h e  a b i l i t y  to u n d e r g o  k e t o - e n o l  t a u t o m e r i s m  ( S c h e m e
a d v a n t a g e s  o v e r  t h e  W i t t i g  r e a c t i o n . It  i s  a c t u a l l y  a
p h o s p h o n i u m  i o n . P h o s p h o n a t e  c a r b a n i o n s  a r e  m o r e
4 2 ) .
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T h e  *H n m r  s p e c t r u m  o f  ( 1 4 3 )  i s  v e r y  c o m p l e x  d u e  
t o  t h e  f a c t  t h a t  i t  e x i s t s  as  a m i x t u r e  o f  t a u t o m e r s .
E t h y l  6 - p r o p y l - 5 , 6 - d i h y d r o - p - r e s o r c y l a t e  ( 1 4 3 )  w a s  
t h e n  c h l o r i n a t e d  a n d  a r o m a t i s e d  u s i n g  c h l o r i n e .  T h i s
w a s  c a r r i e d  o u t  b y  p r e p a r i n g  a s o l u t i o n  o f  c h l o r i n e  i n  
a c e t i c  a c i d  w h i c h  w a s  r e f l u x e d  w i t h  ( 1 4 3 )  t o  g i v e  e t h y l
3 . 5 - d i c h l o r o - 6 - p r o p y l ~ P - r e s o r c y l a t e  ( 1 4 4 ) .  ( 1 4 4 )  w a s  
t h e n  m e t h y l a t e d  w i t h  d i m e t h y l  s u l p h a t e  t o  y i e l d  e t h y l
3 . 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l b e n z o a t e  ( 1 4 5 )  as  a n  
o i l  ( S c h e m e  4 3 ) .
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(1 M )
S p e c i f i c  d e m e t h y l a t i o n  o f  t h e  m e t h y l  e t h e r  at  C - 2  
i n  e t h y l  3 , 5 - d i c  h i  o r  o - 2 , 4  - d i m  e t h o x y - 6 - p  r o p y  1 b e  n z  o a t e 
( 1 4 5 )  w a s  c a r r i e d  o u t  by  h e a t i n g  w i t h  a l u m i n i u m  c h l o r i d e  
i n  n i t r o b e n z e n e  to  g i v e  e t h y l  3 , 5 - d i c h l o r o - 2 - h y d r o x y - 4 -  
m e t h o x y - 6 - p r o p y l b e n z o a t e  ( 1 4 6 ) ,  t h e  e t h y l  e s t e r  o f  
d i f f e r a n i s o l e  A ,  a s  w h i t e  c r y s t a l s .  A l u m i n i u m
c h l o r i d e  a c t s  as  a L e w i s  a c i d  a n d  a c o m p l e x  i s  f o r m e d  
w i t h  t h e  l o n e  p a i r  o f  e l e c t r o n s  o f  t h e  m e t h o x y l  o x y g e n
at C -2  and th e  c a r b o n y l  o f  th e  e s t e r  g r o u p .
T h e  f i n a l  s t e p  i n  t h e  s y n t h e s i s  w a s  i n  f a c t  t o  
c l e a v e  t h e  s t e r i c a l l y  h i n d e r e d  e t h y l  e s t e r  o f  ( 1 4 6 )  t o  
g i v e  d i f f e r a n i s o l e  A .  It  i s  k n o w n  t h a t  e s t e r s  o f  d i -  
o r  t h  o -  s u b s t i t u t e d  b e n z o i c  a c i d s  a r e  d i f f i c u l t  t o  
h y d r o l y s e  a n d  t h a t  t h e y  g i v e  r i s e  t o  a s p e c i a l  e f f e c t  
k n o w n  as  t h e  o r t h o - e f f e c t  w h i c h  i s  n o t  n e c e s s a r i l y  j u s t
O Q
a s t e r i c  e f f e c t .  T h e  o r t h o - e f f e c t  o p e r a t e s  m a i n l y
i n  b e n z o i c  a c i d s .  B e n z o i c  a c i d  i s  a r e s o n a n c e  h y b r i d ,
a n d  s o  t h e  c a r b o n y l  g r o u p  i s  c o p l a n a r  w i t h  t h e  r i n g .  
A n  o r t h o -  s u b s t i t u e n t  t e n d s  t o  p r e v e n t  t h i s  c o p l a n a r i t y ,  
t h u s ,  r e s o n a n c e  i s  d i m i n i s h e d  or  e v e n  p r e v e n t e d .  T h e  
o x y g e n  a t o m  o f  t h e  h y d r o x y l  g r o u p  h a s  a g r e a t e r  p o s i t i v e  
c h a r g e  r e s u l t i n g  i n  i n c r e a s e d  a c i d  s t r e n g t h .  H e n c e  t h e
g r e a t e r  t h e  s t e r i c  i n h i b i t i o n  o f  r e s o n a n c e ,  t h e
s t r o n g e r  t h e  a c i d .
S e v e r a l  e s t e r  c l e a v a g e  r e a c t i o n s  w e r e  c a r r i e d  o u t  
o n  e t h y l  3 , 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l b e n z o a t e  
( 1 4 5 ) .  T h e s e  are  as  f o l l o w s : -
( a )  S o d i u m  h y d r o x i d e :  N o  r e a c t i o n  t o o k  p l a c e  u s i n g
s o d i u m  h y d r o x i d e .  S t e r i c  c r o w d i n g  b y  t h e  o r t h o
s u b s t i t u e n t s  p r e v e n t s  t h e  h y d r o x i d e  i o n  f r o m  a t t a c k i n g
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t h e  e s t e r .
( b )  C o n c e n t r a t e d  s u l p h u r i c  a c i d :  H e a t i n g  ( 1 4 5 )  at  5 0 -
7 0 ° C  r e s u l t e d  i n  c o m p l e t e  d e c a r b o x y l a t i o n .  T h e
s u b s t i t u e n t s  o n  t h e  r i n g  m u s t  t h e r e f o r e  b e  a f f e c t i n g  t h e  
h y d r o l y s i s  a n d  t h u s  p r o m o t i n g  d e c a r b o x y l a t i o n  t o  g i v e  
( 1 4 7 ) .  T r e a t m e n t  o f  ( 1 4 5 )  w i t h  c o l d  c o n c e n t r a t e d
s u l p h u r i c  a c i d  g a v e  t h e  d e s i r e d  a c i d  ( 1 4 8 ) .
conc. 
H 2SQ u
5 0 -7 0 °C
conc.
sH,S0;
o°c
OMe
(1 4 8 )
( c )  T r i m e t h y  l s i l y  l i o d i d e : T r e a t m e n t  o f  ( 1 4 5 )  w i t h
t r i m  e  t h y  1 s i l  y 1 i  o  d i d e  i n  c a r b o n  t e t r a c h l o r i d e  w a s  
u n s u c c e s s f u l ,  g i v i n g  o n l y  s t a r t i n g  m a t e r i a l .
E t h y l  3 , 5  - d i e h i o r o - 2 - h y d r o x y - 4 - m e t h o x y - 6 - p r o p y  1- 
b e n z o a t e  ( 1 4 6 )  w a s  t r e a t e d  w i t h  c o l d  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  at 0 ° C  f o r  s i x  d a y s  i n  t h e  f i n a l  s t e p  o f
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t h e  s y n t h e s i s .  T h i s  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  3 , 5 -  
d i c h l o r o - 2 - h y d r o x y - 4 - m e t h o x y - 6 - p r o p y l b e n z o i c  a c i d ,  
d i f  f e r a n i s o l e  A  ( 1 3 9 ) .
C l-^ y ^ C 0 2Et
OH
( im)
conc.
o°c
T h e  a n a l y s i s  o f  d i f f e r a n i s o l e  A  ( 1 3 9 )  w a s  s h o w n  t o  
b e  c o n s i s t e n t  w i t h  t h a t  w h i c h  w a s  r e p o r t e d  8 4 , 8 5
CHAPTER 5.
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G e n e r a l  E x p e r i m e n t a l  P r o c e d u r e s
M e l t i n g  p o i n t s  ( m . p )  w e r e  d e t e r m i n e d  o n  a K o f l e r  
h o t - s t a g e  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  I n f r a - r e d
s p e c t r a  w e r e  r e c o r d e d  o n  a P e r k i n - E l m e r  9 8 3  
s p e c t r o p h o t o m e t e r .  T h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e
u s e d :  s - s t r o n g ,  m - m e d i u m ,  w - w e a k  a n d  b r - b r o a d .
R o u t i n e  n m r  s p e c t r a  w e r e  d e t e r m i n e d  o n  a P e r k i n - E l m e r
R 3 2  ( 9 0 M H z )  s p e c t r o m e t e r  u s i n g  t e t r a m e t h y l s i l a n e  a s
i n t e r n a l  s t a n d a r d .  *H n m r  s p e c t r a  w e r e  a l s o  r e c o r d e d
at 2 0 0  M H z  on  a B r u k e r  W P  2 0 0  S Y  i n s t r u m e n t ,  e m p l o y i n g  a 
d e u t e r i u m  l o c k  s y s t e m ,  s e t t i n g  c h l o r o f o r m  ( C / f C l ^ )  i n  
C D C l ^  at 8  7 . 2 5  p p m  as i n t e r n a l  s t a n d a r d .  R o u t i n e  m a s s  
s p e c t r a  w e r e  d e t e r m i n e d  u s i n g  a V G / K r a t o s  M S  1 2  
s p e c t r o m e t e r .
O r g a n i c  s o l u t i o n s  w e r e  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l p h a t e  and  e v a p o r a t e d  o n  a r o t a r y  e v a p o r a t o r  
u n d e r  r e d u c e d  p r e s s u r e .
C o l u m n  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  u s i n g  F l u k a  
K i e s e l g e l  H F 2 5 4 . P r e p a r a t i v e  t h i n  l a y e r  c h r o m a t o g r a p h y  
( t . l . c )  w a s  p e r f o r m e d  u s i n g  2 0  x  2 0 c m  g l a s s  p l a t e s  
c o a t e d  w i t h  1 m m  o f  F l u k a  K i e s e l g e l  G F 2 5 4 .
S o l v e n t s  a n d  r e a g e n t s  w e r e  d r i e d  a n d  p u r i f i e d  
p r i o r  t o  u s e  a s  f o l l o w s :  t e t r a h y  d r o f  u r a n  w a s  d i s t i l l e d
f r o m  s o d i u m / b e n z o p h e n o n e  and u s e d  i m m e d i a t e l y ;  e t h e r  w a s  
d r i e d  u s i n g  s o d i u m  w i r e ;  m e t h a n o l  a n d  e t h a n o l  w e r e  d r i e d  
u s i n g  m a g n e s i u m  a c t i v a t e d  w i t h  i o d i n e  a n d  s t o r e d  o v e r  3 A  
m o l e c u l a r  s i e v e s ;  p y r i d i n e  a n d  T V - i s o p r o p y  l c y c l o -  
h e x y l a m i n e  w e r e  r e f l u x e d  o v e r  s o d i u m  h y d r o x i d e  p e l l e t s ,
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d i s t i l l e d  u n d e r  n i t r o g e n  a n d  s t o r e d  o v e r  p o t a s s i u m  
h y d r o x i d e ;  t h i o n y l  c h l o r i d e  w a s  d i s t i l l e d  f r o m  i r o n ;  
q u i n o l i n e  w a s  d r i e d  u s i n g  s o d i u m  s u l p h a t e  a n d  w a s  
d i s t i l l e d  f r o m  z i n c  d u s t ;  d i c h l o r o m e t h a n e  w a s  d i s t i l l e d  
f r o m  p h o s p h o r u s  p e n t o x i d e  a n d  s t o r e d  o v e r  4 A  m o l e c u l a r  
s i e v e s ;  c h l o r o b e n z e n e  w a s  w a s h e d  w i t h  c o n c e n t r a t e d  
s u l p h u r i c  a c i d ,  t h e n  a q u e o u s  s o d i u m  b i c a r b o n a t e  a n d  
w a t e r ,  f o l l o w e d  b y  d r y i n g  u s i n g  c a l c i u m  c h l o r i d e  t h e n  
w i t h  p h o s p h o r u s  p e n t o x i d e  a n d  d i s t i l l e d ;  b u t y  r a l d e h y d e  
w a s  d r i e d  u s i n g  c a l c i u m  c h l o r i d e  t h e n  f r a c t i o n a l l y  
d i s t i l l e d ;  n i t r o b e n z e n e  w a s  e x t r a c t e d  w i t h  a q u e o u s  2 M  
s o d i u m  h y d r o x i d e  s o l u t i o n ,  t h e n  w a t e r ,  d i l u t e  
h y d r o c h l o r i c  a c i d ,  a n d  w a t e r ,  d r i e d  u s i n g  c a l c i u m  
c h l o r i d e  a n d  f r a c t i o n a l l y  d i s t i l l e d  u n d e r  r e d u c e d  
p r e s s u r e .
M e t h y l  3 . 5 - d i m e t h o x v b e n z o a t e  ( 9 2 ) ^
3 , 5 - D i h y d r o x y b e n z o i c  a c i d  ( 9 1 )  ( 3 0 . 0  g )  d i s s o l v e d
i n  A n a l a r  a c e t o n e  ( 3 0 0  m l )  w i t h  a n h y d r o u s  p o t a s s i u m  
c a r b o n a t e  ( 1 3 0  g )  a n d  d i m e t h y l  s u l p h a t e  ( 6 0  m l )  w a s  
h e a t e d  at  r e f l u x  f o r  7 h w i t h  s t i r r i n g .  A f t e r  c o o l i n g ,
t h e  s o l u t i o n  w a s  f i l t e r e d  a n d  t h e  r e s i d u e  w a s h e d  w i t h  
a c e t o n e  ( 2 0 0  m l ) .  T h e  c o m b i n e d  a c e t o n e  s o l u t i o n s  w e r e
e v a p o r a t e d  a n d  t h e  g o l d e n  b r o w n  r e s i d u e  d i s s o l v e d  i n  
e t h e r  ( 2 0 0  m l ) ,  w a s h e d  w i t h  a m m o n i a  l i q u o r  (3 x  1 0 0  m l ) ,  
1 0 % s o d i u m  h y d r o x i d e  s o l u t i o n  ( 2  x 1 0 0  m l ) ,  a n d  w a t e r  
( 1 0 0  m l ) ,  t h e n  d r i e d  a n d  e v a p o r a t e d .  T h e  r e s i d u e
s o l i d i f i e d  o n  c o o l i n g  a n d  w a s  r e c r y s t a l l i s e d  f r o m  e t h e r  
as  w h i t e  n e e d l e s  ( 3 0 . 6  g ,  7 8 % ) ,  m . p .  4 1 - 4 2 ° C  ( l i t . ^ °
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4 2 ° C ) ;  8 ( C D C 1 3 ) 7 . 1 8  ( 2 H , d ,  /  2 H z ,  a r o m a t i c ) ,  6 . 6 3  ( 1 H ,  
t,  J  2 H z ,  a r o m a t i c ) ,  3 . 9 2  ( 3 H ,  s ,  C O O C H 3 ) ,  3 . 8 2  ( 6 H ,  s ,  
O C # 3 ); v m ax ( KB r )  1 7 2 0  s and 1 6 0 0  s cm"* .
3 . 5 - D i m e t h o x  v b e n z v l  a l c o h o l  ( 9 3 ) ^ ^
M e t h y l  3 , 5 - d i m e t h o x y b e n z o a t e  ( 9 2 )  ( 2 5 . 0  g )  i n  d r y
t e t r a h y d r o f u r a n  ( 2 0 0  m l )  w a s  a d d e d  s l o w l y  t o  l i t h i u m  
a l u m i n i u m  h y d r i d e  ( 6 . 0  g )  i n  T H F  ( 1 0 0  m l )  a n d  t h e  
m i x t u r e  w a s  s t i r r e d  at  r e f l u x  f o r  8  h .  A f t e r  c o o l i n g ,  
w a t e r  ( 6 . 0  m l )  w a s  a d d e d  c a u t i o u s l y ,  f o l l o w e d  b y  1 5 %  
s o d i u m '  h y d r o x i d e  s o l u t i o n  ( 6 . 0  m l )  a n d  m o r e  w a t e r  ( 1 8 . 0  
m l )  w i t h  s t i r r i n g .  T h e  g r a n u l a r  a l u m i n i u m  h y d r o x i d e
w a s  f i l t e r e d  a n d  w a s h e d  w i t h  e t h e r  ( 3 0 0  m l ) .  T h e
o r g a n i c  s o l u t i o n s  w e r e  e v a p o r a t e d  t o  d r y n e s s  t o  g i v e  a 
w h i t e  s o l i d  w h i c h  w a s  r e c r y s t a l l i s e d  f r o m  d i i s o p r o p y l  
e t h e r  a s  n e e d l e s  ( 1 7 . 1  g ,  8 0 % ) ,  m . p .  4 6 - 4 7 ° C  ( l i t . ^ ®
4 7 ° C ) ;  6 ( C D C 1 3 ) 6 . 4 7  ( 2 H ,  d ,  J  2 H z ,  a r o m a t i c ) ,  6 . 3 4
( 1 H ,  t ,  J  2 H z , a r o m a t i c ) ,  4 . 5 3  ( 2 H ,  s ,  A r C  H 2 O H ) t 3 . 7 3  
( 6 H ,  s ,  O C / / 3 ) ,  3 . 2 0  ( 1 H ,  br s ,  O H ) ;  v m a x  ( K B r )  3 4 0 0  br  
m  and 1 6 0 0  s c m ' * .
3 . 5 - D i m e t h o x v b e n z v l  c h l o r i d e  ( 9 4 > ^ ^
T h i o n y l  c h l o r i d e  ( 1 0  m l )  a n d  p y r i d i n e  (1  m l )  i n  
d r y  e t h e r  ( 1 5 0  m l )  w e r e  a d d e d  o v e r  1 h t o  3 , 5 -  
d i m e t h o x y  b e n z y l  a l c o h o l  ( 9 3 )  ( 1 5 . 0  g )  i n  e t h e r  ( 1 0 0  m l )
w i t h  s t i r r i n g .  M o r e  t h i o n y l  c h l o r i d e  ( 5  m l )  w a s  a d d e d
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i n  o n e  p o r t i o n  a n d  t h e  r e a c t i o n  m i x t u r e  g e n t l y  h e a t e d  
u n t i l  c o m p l e t e  d i s s o l u t i o n  o c u r r e d .  A f t e r  a f u r t h e r  2
h a t  r o o m  t e m p e r a t u r e  t h e  e x c e s s  t h i o n y l  c h l o r i d e  w a s  
d e s t r o y e d  w i t h  w a t e r  ( 1 0 0  m l ) ,  a n d  t h e  e t h e r  l a y e r  
w a s h e d  w i t h  w a t e r  ( 1 0 0  m l ) ,  1 0 % s o d i u m  h y d r o x i d e  
s o l u t i o n  ( 1 0 0  m l )  a n d  m o r e  w a t e r  ( 1 0 0  m l ) .  T h e  e t h e r  
s o l u t i o n  w a s  d r i e d  a n d  e v a p o r a t e d  t o  a f f o r d  a f a w n  
c o l o u r e d  s o l i d  w h i c h  w a s  r e c r y s t a l l i s e d  f r o m  e t h e r  as  
f i n e  w h i t e  n e e d l e s  ( 1 4 . 5  g ,  8 7 % ) ,  m . p .  4 7 - 4 8 ° C  ( l i t . ^ ®
4 6 ° C ) ;  8 ( C D C 1 3 ) 6 . 5 3  ( 2 H ,  d,  /  2 H z ,  a r o m a t i c ) ,  6 . 4 1  ( 1 H ,  
t ,  J  2 H z ,  a r o m a t i c ) ,  4 . 5 1  ( 2 H ,  s ,  C H 2 ) > 3 . 8 0  ( 6 H ,  s ,
O C / / 3 ); Vm a x  ( K B r )  1 6 0 0  s c m " 1 .
3 . 5 - D i m e t h o x v b e n z v l  c y a n i d e  ( 9 0 ) ^
P o t a s s i u m  c y a n i d e  ( 1 3 . 5  g )  a n d  3 , 5 - d i m e t h o x y -  
b e n z y l  c h l o r i d e  ( 9 4 )  ( 1 2 . 5  g )  i n  e t h a n o l  ( 2 0 0  m l )  a n d
w a t e r  ( 6 0  m l )  w e r e  s t i r r e d  at r e f l u x  f o r  4  h t h e n  p o u r e d  
o n t o  i c e .  T h e  c r e a m  p r e c i p i t a t e  w a s  a l l o w e d  t o  s t a n d  
f o r  2  h t h e n  f i l t e r e d ,  w a s h e d  t h o r o u g h l y  w i t h  c o l d  w a t e r  
a n d  d r i e d  o v e r  p h o s p h o r u s  p e n t o x i d e  i n  a v a c u u m  
d e s i c c a t o r .  R e c r y  s t a l l i s a i o n  f r o m  m e t h a n o l  y i e l d e d
f i n e  w h i t e  n e e d l e s  ( 8 . 1  g ,  6 3 % ) ,  m . p .  5 4 ° C  ( l i t . ^ ®
5 3 ° C ) ;  8 ( C D C 1 3 ) 6 . 4 4  ( 3 H ,  m ,  a r o m a t i c ) ,  3 . 7 8  ( 6 H ,  s ,
O C / f 3 ),  3 . 6 6  ( 2 H ,  s,  C H 2 ); v m a x  ( K B r )  2 2 4 0  w and  
1 6 1 0  s c m " 1 .
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M e t h y l  3 . 5 - d i m e t h o x v p h e n v l a c e t a t e  ( 9 5 )
C o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 4 0  m l )  w a s  c a r e f u l l y  
a d d e d  t o  3 , 5 - d i m e t h o x y b e n z y  1 c y a n i d e  ( 9 0 )  ( 2 . 0  g )  i n
m e t h a n o l  ( 1 7 0  m l )  a n d  w a t e r  ( 1 0  m l )  a n d  t h e  s o l u t i o n  
h e a t e d  at r e f l u x  f o r  16  h.  U p o n  c o o l i n g ,  t h e  m e t h a n o l
w a s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  a c i d i c  
s o l u t i o n  e x t r a c t e d  w i t h  e t h e r  ( 3  x  1 0 0  m l ) .  T h e
c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  w a s h e d  w i t h  s a t u r a t e d  
a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 2  x 1 0 0  m l )  f o l l o w e d  b y  
b r i n e  ( 1 0 0  m l )  a n d  t h e n  d r i e d .  E v a p o r a t i o n  o f  t h e
s o l v e n t  a f f o r d e d  a b r o w n  o i l  w h i c h  w a s  d i s t i l l e d  i n  
v a c u o  t o  g i v e  t h e  e s t e r  ( 9 5 )  as  a c o l o u r l e s s  l i q u i d  
( 1 . 4 0  g ,  5 9 % ) ,  b . p .  1 2 5 ° C / 0 . 0 6  m m  H g  ( l i t . ,  9 1  9 4 ° C / 0 . 0 4  
m m  H g ) ;  8 ( C D C 1 3 ) 6 . 4 0  ( 3 H ,  m ,  a r o m a t i c ) ,  3 . 7 4  ( 6 H ,  s ,  
O C / f 3 ) ,  3 . 6 5  ( 3 H , s ,  C 0 2 C / / 3 ),  3 . 5 2  ( 2 H ,  s ,  C H 2 ); Vm a x  
( C H C 1 3 ) 3 0 2 0  m ,  1 7 3 0  s a n d  1 6 0 0  s c m " 1 ; m / z  2 1 0  ( M + ) 
and 151 ( M + - C Q 2 C H 3 ).
E t h y l  ( j E ' ) - 3 - m e t h o x v - 2 - b u t e n o a t e  ( 9 8 ) 9 ^
C o n c e n t r a t e d  s u l p h u r i c  a c i d  (1  m l )  w a s  a d d e d  t o  
e t h y l  a c e t o a c e t a t e  ( 5 2 . 0  g )  a n d  t r i m e t h y l  o r t h o f o r m a t e  
( 4 3 . 0  g )  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  at  r o o m  
t e m p e r a t u r e  f o r  2 4  h .  T h e  r e a c t i o n  m i x t u r e  w a s
n e u t r a l i s e d  w i t h  q u i n o l i n e  ( 2 . 5  m l ) .  D i s t i l l a t i o n  o f
t h e  d a r k  m i x t u r e  i n v a c u o  a f f o r d e d  e t h y l  ( E ) - 3 - m e t h o x y -
2 - b u t e n o a t e  ( 9 8 )  ( 4 8 . 6  g ,  8 5 % ) ,  b . p .  6 6 - 6 8 ° C / 1 2  m m  H g  
( l i t .  9 3  18  8 - 1 9 3  ° / 7 6 0  m m  H g ) ;  5 ( C D C 1 3 ) 4 . 9 3  ( 1 H ,  s ,
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o l e f i n i c ) ,  4 . 1 1  ( 2 H ,  q ,  J  3 H z ,  C 0 2 C / / 2 C H 3 ) ,  3 . 6 0  ( 3 H ,  s ,  
C H 3 ),  2 . 2 5  ( 3 H ,  s ,  O C / / 3 ) ,  1 . 2 3  ( 3 H ,  t,  /  4 H z ,  C 0 2 C H 2 C H 3 ) 
v m a x  ( t h i n  1 7 0 5  s ,  1 6 2 0  s a n d  1 1 4 3  s c m" * .
A t t e m p t e d  p r e p a r a t i o n  o f  ( £ ) - 3 - m e t h o x v - 2 - b u t e n o v l  
c h l o r i d e  ( 9 6 ) ^
A  m i x t u r e  o f  e t h y l  ( £ ' ) - 3 - m e t h o x y - 2 - b u t e n o a t e  ( 9 8 )  
( 3 8 . 6  g ) ,  s o d i u m  h y d r o x i d e  p e l l e t s  ( 1 1 . 9  g ) ,  w a t e r  ( 1 6 0
m l )  a n d  m e t h a n o l  ( 1 7 5  m l )  w a s  r e f l u x e d  f o r  1 6  h .  T h e  
s o l v e n t  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e ,  w i t h  t h e  
l a s t  t r a c e s  o f  w a t e r  b e i n g  r e m o v e d  b y  a z e o t r o p i c  
d i s t i l l a t i o n  w i t h  b e n z e n e .  T h e  r e m a i n i n g  w h i t e  s o l i d
w a s  d r i e d  t h o r o u g h l y  to g i v e  s o d i u m  ( Z s ) - 3 - m e t h o x y - 2 -  
b u t e n o a t e  ( 9 9 )  i n  q u a n t i t a t i v e  y i e l d ,  w h i c h  w a s  f i n e l y  
p o w d e r e d  f or  t h e  n e x t  s t e p ,  m . p .  2 0 5 - 2 0 8 ° C ;  v m a x  ( K B r )  
1 5 8 0  s ,  1 4 0 0  s ,  and 1 2 1 0  m cm"* .
T o  a s t i r r e d  m i x t u r e  o f  t h e  s o d i u m  s a l t  ( 9 9 )  ( 5 . 0
g )  t h u s  o b t a i n e d  i n  a n h y d r o u s  e t h e r  ( 1 0 0  m l )  at - 5 ° C  w a s  
a d d e d  d r o p w i s e  o x a l y l  c h l o r i d e  ( 1 0 . 0  m l )  u n d e r  n i t r o g e n .  
S t i r r i n g  w a s  c o n t i n u e d  f o r  2 h at  r o o m  t e m p e r a t u r e  a n d  
e x c e s s  o x a l y l  c h l o r i d e  a n d  s o l v e n t  w e r e  t h e n  d i s t i l l e d  
u n d e r  a t m o s p h e r i c  p r e s s u r e .  V a c u u m  d i s t i l l a t i o n
a f f o r d e d  ( Z s ) - 3 - m e t h o x y - 2 - b u t e n o y l  c h l o r i d e  ( 9 6 ) ^  as  a 
p a l e  y e l l o w  o i l  ( 1 2 . 2  g ,  5 0 % ) ,  b . p .  6 4 ° C / 4  m m  H g ;  v m a x  
( t h i n  f i l m )  1 7 5 0 ,  1 5 7 0 ,  1 4 3 2 ,  1 3 8 5 ,  1 2 6 8 ,  1 0 7 4  an d
1 0 5 0  c m " * .  T h i s  a c i d  c h l o r i d e  i s  u n s t a b l e  a n d  w a s
s t o r e d  at - 7 8 ° C  p r i o r  to u s e .
9 8
H o w e v e r  w h e n  t h i s  p r e p a r a t i o n  w a s  a t t e m p t e d ,  n o  
p r o d u c t  w a s  o b t a i n e d .  A  b r o w n / b l a c k  v i s c o u s  m a t e r i a l  
w a s  f o r m e d  w h i c h  c o u l d  n o t  b e  c h a r a c t e r i s e d .
A t t e m p t e d  p r e p a r a t i o n  o f  m e t h y l  2 - ( 3 . 5 - d i m e t h o x v p h e n v l ) -  
5 - m e t h o x v - 3 - o x o h e x - 4 - e n o a t e  ( 9 7 )
T o  a s t i r r e d  s o l u t i o n  o f  N - i s  o p r o p y  I c y  c l o h e x y l -  
a m i n e  ( 0 . 5 8 9  g )  i n  T H F  ( 1 0  m l )  at  - 5 ° C  w a s  a d d e d  
d r o p w i s e  n - b u t y l l  i t h i u m  ( 1 . 6 0  m l ,  2 . 6 1 M  i n  h e x a n e ) .  
A f t e r  t h e  m i x t u r e  w a s  s t i r r e d  f o r  0 . 5  h a n d  c o o l e d  to  
- 7 8 ° C ,  a s o l u t i o n  o f  m e t h y l  3 , 5 - d i m e t h o x y p h e n y l a c e t a t e  
( 9 5 )  ( 0 . 4 0  g )  i n  T H F  ( 1 0  m l )  w a s  a d d e d  d r o p w i s e .
S t i r r i n g  w a s  c o n t i n u e d  f o r  0 . 5  h at  - 7 8 ° C ,  a n d  t h e n  
e t h y l  ( E ) - 3 - m e t h o x y - 2 - b u t e n o a t e  ( 9 8 )  ( 0 . 3 6  g )  i n  T H F
( 1 0  m l )  w a s  a d d e d  d r o p w i s e .  T h e  r e a c t i o n  m i x t u r e  w a s
a l l o w e d  to w a r m  up  t o  r o o m  t e m p e r a t u r e  s l o w l y ,  a n d  t h e n  
q u e n c h e d  w i t h  c o l d  w a t e r ,  p o u r e d  i n t o  s a t u r a t e d  a q u e o u s  
a m m o n i u m  c h l o r i d e ,  a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 2  x  
1 0 0  m l ) .  F o l l o w i n g  r e m o v a l  o f  t h e  s o l v e n t  i n v a c u o ,
t h e  r e s i d u e  w a s  d i s s o l v e d  i n  e t h e r  ( 1 5 0  m l ) ,  w a s h e d  w i t h  
s a t u r a t e d  a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 2  x  1 0 0  m l )  a n d  
d r i e d .  E v a p o r a t i o n  o f  t h e  s o l v e n t  l e f t  a b r o w n  o i l .
T h e  n m r  s p e c t r u m  r e v e a l e d  t h e  p r o d u c t  t o  b e  a m i x t u r e  
o f  t h e  s t a r t i n g  m a t e r i a l s .
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9 4T h e  e t h y l e n e  a c e t a l  o f  e t h y l  a c e t o a c e t a t e  ( 1 0 1 ) ^
A  m i x t u r e  o f  e t h y l  a c e t o a c e t a t e  ( 3 0  g ) ,  e t h y l e n e
g l y c o l  ( 1 4 . 3  g )  a n d  a s m a l l  c r y s t a l  o f  p -
t o l u e n e s u l p h o n i c  a c i d  i n  b e n z e n e  ( 1 0 0  m l )  w a s  r e f l u x e d
f o r  1 6  h u s i n g  a D e a n - S t a r k  a p p a r a t u s .  T h e  a m o u n t  o f
w a t e r  c o l l e c t e d  w a s  a p p r o x i m a t e l y  5 m l  ( 4 . 2  m l  
t h e o r e t i c a l  v a l u e ) .  T h e  b e n z e n e  l a y e r  w a s  w a s h e d
w i t h  s a t u r a t e d  a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 2  x  1 5 0  m l ) ,  
t h e n  w a t e r  ( 1 5 0  m l ) ,  d r i e d  a n d  e v a p o r a t e d .  V a c u u m
d i s t i l l a t i o n  a f f o r e d  t h e  e t h y l e n e  a c e t a l  o f  e t h y l  
a c e t o a c e t a t e  ( 1 0 1 )  as  a c o l o u r l e s  o i l  ( 2 0 . 3  g ,  5 1 % ) ,
b . p .  8 8 - 9 2 ° C / 1 4  m m  H g  ( l i t .  9 4  4 3 - 4 4 ° C / 0 . 1  m m  H g ) ;  
8 ( C D C 1 3 ) 4 . 1 7  ( 2 H , q ,  /  3 H z ,  O C / / 2 C H 3 ) ,  4 . 0 0  ( 4 H ,  s ,
O C H 2 C H 2 ) ,  2 . 6 7  ( 2 H ,  s ,  C / / 2 ) ,  1 . 5 0  ( 3 H ,  s ,  C / / 3 ) ,  1 . 2 7
( 3 H ,  t,  J  3 H z ,  O C H 2 C i f 3 ); v m a x  ( t h i n  f i l m )  1 7 3 8  s ,  1 1 8 8  
s ,  a n d  1 1 1 4  s c m 4 .
T h e  e t h y l e n e  a c e t a l  o f  a c e t o a c e t v l  c h l o r i d e  ( 1 0 0 )
A  m i x t u r e  o f  t h e  e t h y l e n e  a c e t a l  o f  e t h y l  
a c e t o a c e t a t e  ( 1 0 1 ) ( 1 2 . 0  g ) ,  s o d i u m  h y d r o x i d e  p e l l e t s
( 2 . 7 6  g ) ,  m e t h a n o l  ( 2 2 0  m l )  a n d  w a t e r  ( 1 8 0  m l )  w a s
r e f l u x e d  f o r  16  h.  T h e  s o l v e n t  w a s  e v a p o r a t e d  u n d e r
r e d u c e d  p r e s s u r e ,  w i t h  t h e  l a s t  t r a c e s  o f  w a t e r  b e i n g  
r e m o v e d  b y  a z e o t r o p i c  d i s t i l l a t i o n  w i t h  b e n z e n e .  T h e  
r e m a i n i n g  w h i t e  s o l i d  w a s  d r i e d  t h o r o u g h l y  t o  g i v e  t h e  
s o d i u m  s a l t  ( 1 0 2 )  ( 9 . 2  g ,  7 9 % ) ,  m . p .  2 0 8 - 2 1 4 ° C ;
8  ( 1 0 0  M H z ,  D 2 0 ) ,  4 . 2 6  ( 4 H ,  s ,  O C / f 2 C / f 2 ) ,  2 . 7 7  ( 2 H ,  s ,  
C H 2 )> 1 . 6 8  ( 3 H ,  s,  C / / 3 ); v m a x  ( K B r) 1 5 9 4  br s ,  and
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1 4 0 0  br m c m - *.
T o  a s t i r r e d  m i x t u r e  o f  t h e  s o d i u m  s a l t  ( 1 0 2 )
( 5 . 0  g )  t h u s  o b t a i n e d  i n  d r y  e t h e r  ( 1 5 0  m l )  at  - 5 ° C  w a s  
a d d e d  d r o p w i s e  o x a l y l  c h l o r i d e  ( 7 . 6 1  m l )  u n d e r  n i t r o g e n .  
S t i r r i n g  w a s  c o n t i n u e d  f o r  1 h at  r o o m  t e m p e r a t u r e ,  t h e n  
t h e  r e a c t i o n  m i x t u r e  w a s  r e f l u x e d  f o r  4 5  m i n u t e s .
S o l v e n t  a n d  e x c e s s  o x a l y l  c h l o r i d e  w e r e  e v a p o r a t e d .
V a c u u m  d i s t i l l a t i o n  a f f o r d e d  t h e  a c i d  c h l o r i d e  ( 1 0 0 )  as
a c o l o u r l e s s  o i l  ( 2 . 8  g ,  5 7 % ) ,  b . p .  6 5 - 7 0 ° C / 0 . 3 5  m m  H g ;  
5 ( C D C 1 3 ) 4 . 0 3  ( 4 H ,  s ,  O C H 2 C H 2 ),  3 . 2 7  ( 2 H ,  s ,  C H 2 ) 1 . 5 0
( 3 H ,  s ,  C / / 3 ); v m a x  ( t h i n  f i l m )  1 8 1 0  br  s ,  7 5 2  s ,  a n d  
6 4 7  s c m - *.
T h e  5 - e t h v l e n e  a c e t a l  o f  m e t h y l  2 - ( 3 . 5 - d i m e t h o x y p h e n v l ) -
3 . 5 - d i o x o h e x a n o a t e  ( 1 0 3 )
T o  a s t i r r e d  s o l u t i o n  o f  N - i s o p r o p y l c y c l o h e x y l -  
a m i n e  ( 1 . 1 8  g )  in  T H F  ( 1 0  m l )  at - 5 ° C  w a s  a d d e d  d r o p w i s e  
n - b u t y l l i t h i u m  ( 3 . 2 0  m l ,  2 . 6 1 M  i n  h e x a n e ) .  A f t e r  t h e
m i x t u r e  w a s  s t i r r e d  f o r  0 . 5  h a n d  c o o l e d  t o  - 7 8 ° C  a 
s o l u t i o n  o f  m e t h y l  3 , 5 - d i m e t h o x y p h e n y l a c e t a t e  ( 9 5 )
( 0 . 8 0  g )  i n  T H F  ( 1 5  m l )  w a s  a d d e d  d r o p w i s e .  S t i r r i n g
w a s  c o n t i n u e d  f o r  0 . 5  h at  - 7 8 ° C ,  t h e n  t h e  t e m p e r a t u r e  
w a s  s l o w l y  b r o u g h t  up  t o  0 ° C .  A  s o l u t i o n  o f  t h e  a c i d  
c h l o r i d e  ( 1 0 0 )  ( 0 . 8 1  g )  i n  T H F  ( 1 5  m l )  w a s  a d d e d
d r o p w i s e  a n d  t h e  r e a c t i o n  m i x t u r e  w a s  t h e n  s t i r r e d  at  
r o o m  t e m p e r a t u r e  f o r  0 . 5  h.  T h e  m i x t u r e  w a s  q u e n c h e d
w i t h  c o l d  w a t e r ,  p o u r e d  i n t o  s a t u r a t e d  a q u e o u s  a m m o n i u m  
c h l o r i d e ,  a n d  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 2  x  1 0 0  m l ) .
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F o l l o w i n g  r e m o v a l  o f  t h e  s o l v e n t  i n  v a c u o , t h e  r e s i d u e  
w a s  d i s s o l v e d  i n  e t h e r  ( 1 5 0  m l ) ,  w a s h e d  w i t h  s a t u r a t e d  
a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 2  x  1 0 0  m l ) ,  a n d  d r i e d  t o  
g i v e  an a m b e r  o i l  ( 1 . 2 4  g ,  9 6 % ) .
T h e  n m r  s p e c t r u m  a n d  t . l . c  s h o w e d  t h e  c r u d e
r e a c t i o n  m i x t u r e  t o  b e  a c o m p l e x  m i x t u r e  o f  p r o d u c t s  
w h i c h  c o u l d  n o t  b e  r e s o l v e d  b y  c h r o m a t o g r a p h y .  T h e  
c r u d e  r e a c t i o n  m i x t u r e  w a s  u s e d  i n  t h e  n e x t  s t e p  t o  g i v e  
m e t h y l  2 - h y d r o x y - 5  , 7 - d i m e t h o x y - 4 - m e t h y l  n a p h t h a l e n e - 1 - 
c a r b o x y l a t e  ( 1 0 4 )  as  t h e  o n l y  p r o d u c t .
M e t h y l  2 - h v d r o x v - 5 . 7 - d i m e t h o x v - 4 - m e t h v l  n a p h t h a l e n e -  
1 - c a r b o x v l a t e  ( 1 0 4 )
T h e  c r u d e  r e a c t i o n  m i x t u r e  o b t a i n e d  f r o m  t h e  
p r e p a r a t i o n  o f  t h e  5 - e t h y l e n e  a c e t a l  o f  m e t h y l  2 - ( 3 , 5 -  
d i m e t h o x y p h e n y l ) - 3 , 5 - d i o x o h e x a n o a t e  ( 1 0 3 )  ( 7 . 8 7  g )  w a s
m i x e d  w i t h  m e t h a n o l  ( 1 6 0  m l ) ,  w a t e r  ( 5  m l ) ,  a n d  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 4  m l )  a n d  h e a t e d  at  5 0 ° C  
f o r  1 6  h .  H a l f  o f  t h e  m e t h a n o l  w a s  t h e n  e v a p o r a t e d  
u n d e r  r e d u c e d  p r e s s u r e ,  r e s u l t i n g  i n  t h e  p r e c i p i t a t i o n  
o f  f i n e  g r e y  c r y s t a l s .  T h e s e  w e r e  f i l t e r e d ,  w a s h e d
w i t h  c o l d  m e t h a n o l  a n d  r e c r y s t a l l i s e d  f r o m  m e t h a n o l  to  
g i v e  f i n e  w h i t e  c r y s t a l s  ( 2 . 1 8  g ,  3 4 % ) ,  m . p .  1 3 0 - 1 3 1 ° C ;  
6 ( C D C 1 3 ) 1 1 . 8 9  ( 1 H ,  s ,  O / / ) ,  7 . 8 6  ( 1 H ,  d,  / 1 H z ,  a r o m a t i c )  
6 . 7 6  ( 1 H ,  s ,  a r o m a t i c ) ,  6 . 4 4  ( 1 H ,  d ,  /  1 H z ,  a r o m a t i c ) ,
4 . 0 9  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 9 3  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 9 0  ( 3 H ,  s ,
O C / / 3 ) ,  2 . 8 0  ( 3 H , s ,  C / / 3 ); v m a x  ( K B r )  1 6 4 0  s ,  1 6 1 5  s ,  
1 5 9 7  s ,  and 1 5 7 5  s c m - 1 ; m / z  2 7 6  ( M + ) 2 4 4 ,  2 1 6 ,  1 7 3 .
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( F o u n d :  C ,  6 5 . 0 7 ;  H ,  5 . 7 0 .  C 1 5 H 1 ^ 0 5  r e q u i r e s  C ,  6 5 . 2 1 ;
H ,  5 . 8 4 % ) .
M e t h v l  2 . 5 . 7 - t r i m e t h o x v - 4 - m e t h v l  n a p h t h a l e n e - 1 -  
c a r b o x v l a t e  ( 1 0 5 )
A  m i x t u r e  o f  t h e  n a p h t h a l e n e  c a r b o n a t e  ( 1 0 4 )  ( 0 . 1 6  
g ) ,  d i m e t h y l  s u l p h a t e  ( 0 . 1 4  m l )  a n d  a n h y d r o u s  p o t a s s i u m  
c a r b o n a t e  ( 0 . 6 4  g )  i n  A n a l a r  a c e t o n e  ( 6 0  m l )  w a s  
r e f l u x e d  f o r  1 6  h .  A f t e r  c o o l i n g ,  t h e  s o l u t i o n  w a s
f i l t e r e d  a n d  t h e  r e s i d u e  w a s h e d  w i t h  a c e t o n e  ( 1 0 0  m l ) .  
T h e  c o m b i n e d  a c e t o n e  s o l u t i o n s  w e r e  e v a p o r a t e d  a n d  t h e  
b e i g e  s o l i d  o b t a i n e d  w a s  d i s s o l v e d  i n  e t h y l  a c e t a t e  
( 1 0 0  m l ) ,  w a s h e d  w i t h  a m m o n i a  l i q u o r  ( 2  x 1 0 0  m l ) ,  1 0 % 
s o d i u m  h y d r o x i d e  s o l u t i o n  ( 2  x 1 0 0  m l )  a n d  b r i n e  ( 2  x  
1 0 0  m l ) ,  t h e n  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  a c r e a m  
c o l o u r e d  s o l i d  ( 0 . 1 5  g ,  8 8 %) ,  m . p .  1 2 6 - 1 2 7 ° C ;  6 ( 2 0 0  M H z ,  
C D C I 3 ) 6 . 7 8  ( 1 H ,  d,  J  0 . 8  H z ,  a r o m a t i c ) ,  6 . 5 4  ( 1 H ,  d ,  J
2 . 3 H z ,  a r o m a t i c ) ,  6 . 3 3  ( 1 H ,  d ,  J  2 . 3 H z ,  a r o m a t i c ) ,  3 . 9 9
( 3 H ,  s ,  O C / / 3 ),  3 . 9 0  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 8 5  ( 3 H ,  s ,  O C H 3 ) ,  
3 . 8 4  ( 3 H ,  s ,  O C / f 3 ) ,  2 . 8 3  ( 3 H ,  d ,  J  0 . 9 H z ,  C H 3 ); v m a x
( K B r )  1 7 2 0  s ,  1 6 2 0  s ,  and 1 5 9 0  s c m ' 1 ; m / z  2 9 0  ( M + ),
2 5 9  ( M + - O C H 3 ),  231  ( M + - O C O C H 3 ).
( F o u n d :  C,  6 6 . 2 8 ;  H ,  6 . 2 1 .  ^ l s ^ i s * ^  r e 9 u i r e s  C ,  6 6 . 1 9 ;  
H ,  6 . 2 5 % ) .
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A t t e m p t e d  p r e p a r a t i o n  o f  m e t h v l  8 - f o r m v l - 2 . 5 . 7 -  
t r i m e t h o x v  n a p h t h a l e n e - 1 - c a r b o x v l a t e  ( 1 0 9 )
P h o s p h o r u s  o x y c h l o r i d e  ( 0 . 0 5  m l )  w a s  a d d e d  
d r o p w i s e  to d i m e t h y l  f o r m a m i d e  ( 0 . 0 5  m l )  at  0 ° C .  T h e  
n a p h t h a l e n e  c a r b o x y l a t e  ( 1 0 5 )  ( 0 . 1 0  g )  i n  d i m e t h y l
f o r m a m i d e  ( 2  m l )  w a s  t h e n  a d d e d  d r o p w i s e  to  t h e  r e a c t i o n  
m i x t u r e .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  s t i r r e d  at
r o o m  t e m p e r a t u r e  f o r  2 4  h.  W a t e r  ( 5 0  m l )  w a s  a d d e d  to
d e s t r o y  t h e  e x c e s s  p h o s p h o r u s  o x y c h l o r i d e ,  t h e n  t h e  
s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 3  x  5 0  m l ) ,  
d r i e d ,  a n d  e v a p o r a t e d  t o  g i v e  a c r e a m  c o l o u r e d  s o l i d  
( 0 . 8 4  g ) .
T h e  *H n m r  s p e c t r u m  a n d  t . l . c .  a n a l y s i s  s h o w e d  t he  
p r o d u c t  t o  b e  s o l e l y  s t a r t i n g  m a t e r i a l .
M e t h o x v a c e t v l  c h l o r i d e 9 ^
M e t h o x y a c e t i c  a c i d  ( 5 0  g )  w a s  d r o p p e d  w i t h  
s t i r r i n g  o n t o  t h i o n y l  c h l o r i d e  ( 8 0  g ) ,  t h e  f l a s k  b e i n g
c o o l e d  i n  an i c e  b a t h .  T h e  m i x t u r e  w a s  w a r m e d  o n  a
w a t e r  b a t h  to  5 0  - 8 0 ° C  u n t i l  t h e  e v o l u t i o n  o f  s u l p h u r
d i o x i d e  g a s  a n d  h y d r o g e n  c h l o r i d e  g a s  c e a s e d .  T h e
r e s u l t i n g  r e a c t i o n  m i x t u r e  w a s  d i s t i l l e d  i n  v a c u o  t o  
g i v e  m e t h o x y  a c e t y l  c h l o r i d e  as  a c o l o u r l e s s  l i q u i d  
( 51  g ,  8 7 % ) ,  b . p .  3 8 - 4 0 ° C / 15 m m  Hg  ( l i t . 9 6  1 1 2 - 1 1 3 ° C /
7 6 0  m m  H g ) ;  8 ( C D C 1 3 ) 4 . 3 7  ( 2 H ,  s ,  C H 2 ) y 3 . 5 0  ( 3 H ,  s ,  
O C / / 3 ).
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4 . 6 . 9  - T r i m e t h o x v - 7  - m e t h y l  p v r a n o r i . 8 - c l n a p h t h a l e n -  
l ( 3 / n - o n e  ( 1 1 0 )
T o  a s t i r r e d  s o l u t i o n  o f  t h e  n a p h t h a l e n e  
c a r b o x y l a t e  ( 1 0 5 )  ( 0 . 1 0  g )  a n d  m e t h o x y  a c e t y l  c h l o r i d e
( 0 . 1 0  m l )  i n  d i c h l o r o m e t h a n e  ( 8  m l )  at  - 5 ° C  w a s  a d d e d  
d r o p w i s e  t i n ( / K ) c h l o r i d e  ( 0 . 2 4  m l )  u n d e r  n i t r o g e n .  
T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  at  - 5 ° C  f o r  0 . 5  h  t h e n  
h e a t e d  at  3 0 - 4 0 ° C  f o r  2 h.  It  w a s  t h e n  p o u r e d  i n t o  a 
m i x t u r e  o f  i c e  and  1 0 % a q u e o u s  h y d r o c h l o r i c  a c i d  ( 2 0  m l )  
a n d  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  ( 4  x 5 0  m l ) ,  w a s h e d  
w i t h  s a t u r a t e d  a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 2  x  1 0 0  m l ) ,  
d r i e d ,  a n d  e v a p o r a t e d  t o  g i v e  a y e l l o w  c o l o u r e d  s o l i d  
( 9 3  m g ,  9 4 % ) ,  m . p .  1 2 5 - 1 2 6 ° C ;  6 ( 2 0 0  M H z ,  C D C I 3 ) ,  6 . 8 3  
( 1 H ,  d ,  J  0 . 8 3 H z ,  a r o m a t i c ) ,  6 . 4 2  ( 1 H ,  s ,  a r o m a t i c ) ,
5 . 4 5  ( 2 H , s ,  C / / 2 ) ,  4 . 0 7  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 9 3  ( 6 H ,  s ,
O C / f 3 ) ,  2 . 8 3  ( 3 H ,  d,  J  0 . 9 0  H z ,  C / / 3 ); v m a x  ( K B r )  1 7 0 0  s ,  
1 6 2 0  s ,  and 1 6 0 0  s c m"*;  m/ z  2 8 8  ( M + ),  2 5 9 ,  2 4 3 .
( F o u n d :  C ,  6 6 . 7 2 ;  H ,  5 . 7 8 .  ^ 1 6 H 1 6 ^ 5  r e 9 11i r e s  C ,  6 6 . 6 6 ;
H ,  5 . 6 0 % ) .
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A t t e m p t e d  d e m e t h v l a t i o n  r e a c t i o n s  o f  4 . 6 . 9 - t r i m e t h o x y -  
7 - m e t h v l  p v r a n o  \ 1 . 8 - c l n a o h t h a l e n - 1 ( 3 t f ) - o n e  ( 1 1 0 )
( a )  U s i n g  b o r o n  t r i b r o m i d e  as  a r e a g e n t
T o  a s o l u t i o n  o f  ( 1 1 0 )  ( 3 0 0  m g )  i n  d i c h l o r o m e t h a n e  
( 2 0  m l )  w a s  a d d e d  b o r o n  t r i b r o m i d e  ( 0 . 5  m l )  at  - 7 0 ° C  
u n d e r  n i t r o g e n .  T h e  r e a c t i o n  m i x t u r e  w a s  k e p t  at  t h i s
t e m p e r a t u r e  f o r  3 h a n d  t h e n  k e p t  at  r o o m  t e m p e r a t u r e
f o r  1 6  h .  E t h e r  w a s  a d d e d ,  t h e n  w a t e r  c a u t i o u s l y  a n d
t h e  o r g a n i c  l a y e r  w a s  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  a
b r o w n  s o l i d .  P u r i f i c a t i o n  b y  s i l i c a  g e l
c h r o m a t o g r a p h y  u s i n g  e t h y l  a c e t a t e  as  e l u a n t  y i e l d e d  9 -  
h y d r o x y - 4 , 6 - d i m e t h o x y - 7  - m e t h y l  p y r a n o [ l , 8 - c ] n a p h t h a l e n -  
l ( 3 / / ) - o n e  ( 1 1 2 )  a s  a y e l l o w  s o l i d  w h i c h  w a s
r e c r y s t a l l i s e d  f r o m  e t h e r / h e x a n e  a s  f i n e ,  b r i g h t  y e l l o w  
n e e d l e s  ( 7 1  m g ,  2 4 % ) ,  m . p .  2 1 7 - 2 2 0 ° C ;  8 ( 2 0 0  M H z ,  D M S O )  
6 . 7 4  ( 2 H , s ,  a r o m a t i c ) ,  5 . 5 9  ( 2 H ,  s ,  C H  2 ) , 3 . 9 6  ( 6 H ,  s ,
O C / / 3 ) ,  2 . 7 5  ( 3 H ,  s ,  C / / 3 ); m / z  2 7 4  ( M + ),  2 7 3 ,  2 4 5 ,  2 3 0 .  
( F o u n d :  C,  6 5 . 8 5 ;  H,  5 . 3 1 .  ^ 1 5 ^ 1 4 ^ 5  r e q u i r e s  C ,  6 5 . 6 9 ;
H ,  5 . 1 4 % ) .
( b )  U s i n g  h v d r o b r o m i c  a c i d  as  a r e a g e n t
A  s o l u t i o n  o f  ( 1 1 0 )  ( 1 0 0  m g )  i n  h y d r o b r o m i c  a c i d
( 3  m l ,  4 8 % )  a n d  g l a c i a l  a c e t i c  a c i d  ( 3  m l )  w a s  h e a t e d
at 1 0 0 - 1 2 0 ° C  f o r  3 h.  T h e  h y d r o b r o m i c  a c i d
a n d  a c e t i c  a c i d  w e r e  e v a p o r a t e d  t o  y i e l d  a b r o w n / b l a c k  
s o l i d  w h i c h  c o u l d  n o t  b e  r e s o l v e d  a n d  t h u s  i d e n t i f i e d .
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( c )  U s i n g  a l u m i n i u m  c h l o r i d e  w i t h  c t h a n e t h i o l
T o  a s t i r r e d  s o l u t i o n  o f  a l u m i n i u m  c h l o r i d e  
( 0 . 2 8  g )  i n  e t h a n e t h i o l  ( 2 . 5  m l )  at 0 ° C  w a s  a d d e d  ( 1 1 0 )  
( 1 0 0  m g )  a n d  s t i r r i n g  w a s  c o n t i n u e d  f o r  0 . 5  h at 0 ° C  
a n d  3 h at r o o m  t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  w a s  
p o u r e d  i n t o  w a t e r ,  a c i d i f i e d  w i t h  d i l u t e  a q u e o u s  
h y d r o c h l o r i c  a c i d ,  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e ,  
w a s h e d  w i t h  b r i n e ,  d r i e d  u s i n g  s o d i u m  s u l p h a t e ,  a n d  
e v a p o r a t e d  to  g i v e  a y e l l o w  s o l i d .
T h e  n m r  s p e c t r u m  s h o w e d  t h e  p r o d u c t  t o  b e
s t a r t i n g  m a t e r i a l .
( d )  U s i n g  a l u m i n i u m  c h l o r i d e
A  s o l u t i o n  o f  ( 1 1 0 )  ( 1 0 0  m g )  a n d  a l u m i n i u m
c h l o r i d e  ( 1 3 9  m g )  i n  d r y  c h i  o r o b e n z e n e  ( 4 0  m l )  w a s  
r e f l u x e d  f o r  3 - 5  h .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n
p o u r e d  i n t o  w a t e r  a n d  e x t r a c t e d  w i t h  e t h e r  ( 3  x  5 0  m l ) .  
T h e  e t h e r  e x t r a c t s  w e r e  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  a 
y e l l o w / b r o w n  s o l i d .  P u r i f i c a t i o n  b y  s i l i c a  g e l
c h r o m a t o g r a p h y  u s i n g  e t h y l  a c e t a t e  as  e l u a n t  y i e l d e d  9 - 
h y  dr  o x  y - 4 , 6 - d i m e  t h o x y - 7 - m e  t h y  1 p y r a n o [ l , 8 - c ] n a p h t h a l e n -  
l ( 3 / / ) - o n e  ( 1 1 2 )  as  a y e l l o w  s o l i d .
( e )  U s i n g  p y r i d i n e  h y d r o c h l o r i d e
A  m i x t u r e  o f  ( 1 1 0 )  ( 1 0 0  m g )  a n d  p y r i d i n e
h y d r o c h l o r i d e  ( 3 . 2 0  g )  w a s  h e a t e d  a t  2 2 0 ° C  u n d e r
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n i t r o g e n  f o r  1 0  m i n u t e s  a f t e r  t h e  s o l i d  h a d  m e l t e d .  
D i l u t e  s u l p h u r i c  a c i d  w a s  a d d e d  w h i c h  r e s u l t e d  i n  a 
b l a c k  h o m o g e n e o u s  s o l u t i o n  b e i n g  f o r m e d .  T h i s
s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h e r  ( 4  x  1 0 0  m l ) ,  d r i e d ,  
a n d  e v a p o r a t e d  t o  g i v e  a y e l l o w / b r o w n  s o l i d .
T h e  n m r  s p e c t r u m  s h o w e d  t h e  p r o d u c t  t o  b e
s t a r t i n g  m a t e r i a l
Q n
3 - b r o m o - 4 - h v d r o x v - 5 - m e t h o x v b e n z a l d e h v d e  ( 1 1 7 )
V a n i l l i n  ( 7 5  g )  w a s  d i s s o l v e d  i n  g l a c i a l  a c e t i c  
a c i d  ( 1 5 0  m l )  and  c o o l e d  to 0 ° C .  B r o m i n e  ( 2 7 . 5  m l )  in
g l a c i a l  a c e t i c  a c i d  ( 1 0 0  m l )  w a s  a d d e d  r a p i d l y  w i t h  
s t i r r i n g .  W a t e r  ( 1 0 0 0  m l )  w a s  a d d e d ,  t h e  p r e c i p i t a t e
f i l t e r e d  a n d  w a s h e d  w i t h  w a t e r  ( 2 0 0  m l ) .  T h e  p r o d u c t
w a s  r e c r y s t a l l i s e d  f r o m  a q u e o u s  e t h a n o l  as  c u b e s  ( 9 8  g ,  
8 4 % ) ,  m . p .  1 6 3 - 1 6 4 ° C  ( l i t . 8 0  1 6 3 - 1 6 4 ° C ) ;  8 ( C D C 1 3 )
9 . 5 5  ( 1 H ,  s ,  C / ZO ) ,  7 . 6 3  ( 1 H ,  d,  J  2 H z ,  a r o m a t i c ) ,
7 . 3 6  ( 1 H ,  d,  J  2 H z ,  a r o m a t i c ) ,  6 . 5 0  ( 1 H ,  br  s ,  O i f ) ,
4 . 0 0  ( 3 H ,  s ,  O C / / 3 ); v m a x  ( C H C I 3 ) 3 5 0 0  br s ,  1 6 9 0  s ,  
and 1 6 0 0  m  cm" *.
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O O
2 . 5 - d i h v d r o x v - 3 - m e t h o x v b r o m o b e n z e n e  ( 1 1 8 )
A  s o l u t i o n  o f  3 - b r o m o - 4 - h y d r o x y - 5 - m e t h o x y -  
b e n z a l d e h y d e  ( 5 0  g )  i n  N  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  
( 2 0 0  m l )  w a s  c o o l e d  t o  0 ° C ,  a n d  1 0 0  v o l .  h y d r o g e n
p e r o x i d e  ( 5 3 . 5  m l )  i n  w a t e r  ( 3 2 4  m l )  w a s  a d d e d  d r o p w i s e
o v e r  3 h w i t h  c o o l i n g  in an i c e  b a t h  a n d  s t i r r i n g .  T h e
m i x t u r e  w a s  s t i r r e d  f o r  1 h f u r t h e r ,  a n d  t h e  p r o d u c t  
f i l t e r e d ,  w a s h e d  w i t h  w a t e r ,  a n d  d r i e d .  A  s m a l l
p o r t i o n  w a s  r e c r y s t a l l i s e d  f r o m  w a t e r  as  p i n k  n e e d l e s  
( 2 9 . 3  g ,  6 3 % ) ,  m . p .  1 4 0 - 1 4 1 ° C  ( l i t . 8 0  1 4 1 ° C ) ;
8 ( C D C 1 3 ) 6 . 5 8  ( 1 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,  6 . 4 0  ( 1 H ,  d ,  J
3 H z ,  a r o m a t i c ) ,  5 . 5 0  ( 2 H ,  br  s ,  O H ) ,  3 . 7 8  ( 3 H ,  s ,
O C H 3 ); v m a x  ( C H C I 3 ) 3 1 8 0  br s ,  1 6 2 0  m ,  and
1 5 9 0  m  c m~* .
o  n
2 . 3 . 5 - t r i m e t h o x v b r o m o b e n z e n e  (1 1 9 )
A  s o l u t i o n  o f  2 , 5 - d i h y  d r o x y - 3 - m e t h o x y b r o m o b e n z e n e  
( 5 4  g )  i n  A n a l a r  a c e t o n e  ( 6 0 0  m l )  w i t h  d i m e t h y l  s u l p h a t e  
( 5 5  m l )  a n d  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  ( 1 3 8  g )  w a s  
h e a t e d  at  r e f l u x  f o r  4  h w i t h  s t i r r i n g .  T h e  r e a c t i o n
m i x t u r e  w a s  a l l o w e d  t o  c o o l ,  f i l t e r e d ,  a n d  t h e  p o t a s s i u m  
c a r b o n a t e  w a s h e d  w i t h  a c e t o n e  ( 1 0 0  m l ) .  T h e  c o m b i n e d
a c e t o n e  s o l u t i o n s  w e r e  e v a p o r a t e d ,  a n d  t h e  r e s i d u e  w a s  
d i s s o l v e d  i n  e t h e r .  T h e  e t h e r  s o l u t i o n  w a s  w a s h e d
w i t h  a m m o n i a  l i q u o r  ( 4  x 1 5 0  m l ) ,  10% s o d i u m  h y d r o x i d e  
s o l u t i o n  (3  x 1 5 0  m l )  and w a t e r  ( 2  x 1 5 0  m l ) ,  t h e n  d r i e d  
a n d  e v a p  o r a t e d .  T h e  r e s u l t i n g  p r o d u c t  w a s  d i s t i l l e d
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i n  v a c u o  t o  g i v e  2 , 3 , 5 - t r i m e t h o x y b r o m o b e n z e n e  a s  a 
c o l o u r l e s s  l i q u i d  w h i c h  s l o w l y  c r y s t a l l i s e d  ( 3 4 . 8  g ,  
5 9 % ) ,  m . p .  3 7 - 3 8 ° C  ( l i t . 8 0  3 7 - 3 8 ° C ) ;  5 ( C D C 1 3 ) 6 . 6 2  ( 1 H ,
d ,  J  3 H z ,  a r o m a t i c ) ,  6 . 4 3  ( 1 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,
3 . 7 9  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 7 4  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 7 0  ( 3 H ,  s ,  
O C / / 3 ); v m a x  ( C H C I 3 ) 1 6 0 0  s ,  and 1 5 7 0  s c m - 1 .
2 . 3 . 5 - t r i m e t h o x v b e n z o i c  a c i d  ( 1 2 0 ) 8 1
E t h e r  ( 1 0 0  m l )  c o n t a i n i n g  2 , 3 , 5 - t r i m e t h o x y b r o m o -  
b e n z e n e  ( 1 0  g )  w a s  c o o l e d  to  - 7 0 ° C ,  a n d  / i - b u t y l l i t h i u m  
( 2 9 . 5  m l ,  1 . 6 0 M  i n  h e x a n e )  w a s  a d d e d  w i t h  s t i r r i n g .  
S t i r r i n g  w a s  c o n t i n u e d  f o r  1 h ,  t h e n  t h e  m i x t u r e  w a s  
p o u r e d  o n t o  c r u s h e d  d r y  i c e  ( 3 0 0  g )  a n d  a l l o w e d  t o  w a r m  
up t o  r o o m  t e m p e r a t u r e .  W a t e r  ( 1 0 0  m l )  w a s  a d d e d  and
t h e  e t h e r  l a y e r  s e p a r a t e d  a n d  e x t r a c t e d  w i t h  w a t e r  ( 2  x  
5 0  m l ) .  T h e  a q u e o u s  e x t r a c t s  w e r e  a c i d i f i e d  a n d
c o o l e d .  T h e  p r e c i p i t a t e  w a s  c o l l e c t e d  a f t e r  s t a n d i n g
at  0 ° C  f o r  2 h ,  w a s h e d  w i t h  w a t e r  a n d  d r i e d .  T h e
p r o d u c t  w a s  r e c r y s t a l l i s e d  f r o m  h e x a n e  as  f i n e  p r i s m s  
( 5 . 5  g ,  6 4 % ) ,  m . p .  9 9 - 1 0 0 ° C  ( l i t . 8 1  9 9 . 5 - 1 0 0 . 5  ° C ) ;
6 ( C D C 1 3 ) 1 0 . 3 5  ( 1 H ,  br s ,  C O O / / ) ,  6 . 8 1  ( 1 H ,  d,  J  3 H z ,
a r o m a t i c ) ,  6 . 7 0  ( 1 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,  3 . 8 2  ( 6 H ,  s ,  
O C / / 3 ) ,  3 . 7 3  ( 3 H ,  s ,  O C / / 3 ); v m a x  ( C H C I 3 ) 3 4 5 0  br s ,
2 7 4 0  s ,  1 7 3 0  s ,  an d  1 6 0 0  s c m - 1 .
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M e t h y l  2 . 3 . 5 - t r i m e t h o x v b e n z o a t e  (115)**^
A  s o l u t i o n  o f  2 , 3 , 5 - t r i m e t h o x y b e n z o i c  a c i d  ( 3  g )  
i n  d r y  m e t h a n o l  ( 5 0  m l )  w a s  s a t u r a t e d  w i t h  h y d r o g e n  
c h l o r i d e  a n d  h e a t e d  u n d e r  r e f l u x  f o r  4  h .  T h e
m e t h a n o l  w a s  r e m o v e d  i n  v a c u o  a n d  t h e  r e s i d u e  d i s s o l v e d  
i n  e t h e r .  T h e  e t h e r  s o l u t i o n  w a s  w a s h e d  w i t h
s a t u r a t e d  a q u e o u s  s o d i u m  b i c a r b o n a t e  a n d  w a t e r ,  d r i e d ,  
a n d  e v a p o r a t e d  t o  g i v e  m e t h y l  2 , 3 , 5 - t r i m e t h o x y  b e n z o a t e  
as  an o i l  ( 2 . 5 8  g ,  8 1 % ) ;  8  ( C D C I 3 ) 6 . 7 8  ( 1 H ,  d ,  J  3 H z ,
a r o m a t i c ) ,  6 . 6 1  ( 1 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,  3 . 8 8  ( 6 H ,  s ,
O C l / 3 ) ,  3 . 8 2  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 7 6  ( 3 H ,  s ,  O C / / 3 );
v m a x ( C H C I 3 ) 2 8 5 0  m,  1 7 5 0  s ,  1 6 0 0  m ,  1 4 9 0  s ,  and  
1 0 5 5  s c m " * .
E t h v l p h o s p h o n i c  d i c h l o r i d e  ( 1 2 2 ) ^ ^
F i r s t l y ,  a n h y d r o u s  a l u m i n i u m  c h l o r i d e  ( 1 3 . 3  g )  w a s  
w e i g h e d  i n t o  a g l a s s  s t o p p e r e d  c o n i c a l  f l a s k ,  f o l l o w e d  
b y  p h o s p h o r u s  t r i c h l o r i d e  ( 1 3 . 7  g ) .  T o  t h i s  m i x t u r e
w a s  a d d e d  e t h y l  b r o m i d e  ( 3 2 . 7  g ) ,  a n d  t h e  f l a s k  w a s
s t o p p e r e d  a n d  c l a m p e d  o n  a s h a k i n g  m a c h i n e .  ( A l l
r e a g e n t s  a n d  t h e  r e a c t i o n  f l a s k  w e r e  c o o l e d  t o  a b o u t  4 ° C  
j u s t  p r i o r  t o  w e i g h i n g ) .
A f t e r  s h a k i n g  f o r  15 m i n  t h e  t e m p e r a t u r e  h a d  r i s e n
t o  2 3 ° C .  A t  t h i s  t e m p e r a t u r e  t h e  s o l i d  a l u m i n i u m
c h l o r i d e  d i s s o l v e d ,  a c c o m p a n i e d  b y  a s u d d e n  r i s e  i n  
t e m p e r a t u r e  t o  a b o u t  3 5 ° C .  T h e  s o l u t i o n  b e c a m e  p a l e
y e l l o w  i n  c o l o u r .  A f t e r  a f u r t h e r  1 2  m i n s  t h e
t e m p e r a t u r e  f e l l  to  2 5 ° C ,  a c c o m p a n i e d  b y  t h e  d e p o s i t  o f
a w h i t e  c r y s t a l l i n e  p r e c i p i t a t e .  T h e  s h a k i n g  w a s
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c o n t i n u e d  f o r  1 h .  T h e  r e a c t i o n  f l a s k  w a s  t h e n  p l a c e d
i n  a r e f r i g e r a t o r  at  4 ° C  f o r  2 4  h .  T h e  s u p e r n a t a n t
l i q u i d  w a s  p o u r e d  o f f ,  l e a v i n g  1 9  g o f  d r y  c r y s t a l l i n e  
m a t e r i a l  w h i c h  w a s  t h o u g h t  to  b e  t h e  c o m p l e x  
C 2 H^ P X ^ A I X ^ ,  w h e r e  X  =  B r  or  C l .  T h i s  c r y s t a l l i n e
c o m p l e x  w a s  d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  ( 2 0 0  m l ) ,  
t r a n s f e r r e d  t o  a t h r e e - n e c k e d  f l a s k  ( 5 0 0  m l ) ,  c o o l e d  to  
0 ° C ,  a n d  h y d r o l y s e d  by  a d d i n g  d r o p w i s e  o v e r  2 0  m i n s  c o l d  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 2 5 . 3  m l ,  3 6 % ) .  T h e
m i x t u r e  w a s  s t i r r e d  f o r  2 h .  T h e  m i x t u r e  w a s  k e p t
b e l o w  7 ° C  t h r o u g h o u t  t he  h y d r o l y s i s .  T h e  c o l d  m i x t u r e
w a s  f i l t e r e d  a n d  t h e  f i l t r a t e  w a s  d i s t i l l e d  t o  r e m o v e  
e x c e s s  s o l v e n t ,  f o l l o w e d  b y  v a c u u m - d i s t i l l a t i o n  o f  t h e  
r e s i d u e  t o  g i v e  a c o l o u r l e s s  l i q u i d  ( 8 . 2  g ,  5 7 % ) ,  b . p .  
6 0 ° C / 1 5  m m  H g  ( l i t . 8 3 b . p .  1 7 4 . 5 ° C / 7 6 0 m m  H g ) ;  5 ( C D C 1 3 )
2 . 6 1  ( 2 H ,  d q , / H H  7 . 5  H z ,  and 2 7 p H  1 6 H z , C H 3 C / / 2 P ( 0 ) C 1 2 ) ,  
1 . 3 9 ( 3 H , d t , / H H  7 . 5 H z  and 3 / p H  3 1 H z ,  C / / 3 C H 2 P ( 0 ) C 1 2 ).
Q *7
E t h v l p h o s p h o n i c  a c i d  b i s ( d i m e t h v l a m i d e ) (  1 21
T o  a s t i r r e d  s o l u t i o n  o f  d i m e t h y  l a m i n e  ( 1 8  g )  i n  
e t h e r  ( 2 5 0  m l )  w a s  a d d e d ,  w h i l e  a t  0 ° C  a n d  u n d e r  
n i t r o g e n ,  e t h y l p h o s p h o n i c  d i c h l o r i d e  ( 1 1  g ) .  T h e
r e s u l t i n g  s o l u t i o n  w a s  s t i r r e d  at  0 ° C  f o r  1 h a n d  at  
2 5 ° C  f o r  3 h .  T h e  p r e c i p i t a t e  o f  d i m e t h y l a m i n e
h y d r o c h l o r i d e  w a s  r e m o v e d  b y  f i l t r a t i o n  a n d  t h e  f i l t r a t e  
e v a p o r a t e d  u n d e r  v a c u u m .  D i s t i l l a t i o n  o f  t h e  r e s i d u e
a f f o r d e d  a c o l o u r l e s s  o i l  ( 1 1 . 2  g ,  9 1 % ) ,  b . p .  7 5 ° C /
1 . 0  m m  H g  ( l i t . 9 7  b . p .  1 4 2 ° C / 3 1  m m  H g ) ;  5 ( C D C 1 3 ) 2 . 6 1
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( 1 2 H ,  d,  3 / p H  9 H z ,  R P ( 0 ) ( N M e 2 ) 2 ) ,  1 . 7 7  ( 2 H ,  d q ,  / H H
5 H z  and 2 / p H  14 H z ,  C H 3 C H 2 P ( 0 ) ( N R 2 ) 2 ) ,  1 . 0 9  ( 3 H ,  dt ,
/ r h  7 . 5  Hz  and 3/ p H  18 . 5  H z ,  C / / 3 C H 2 P ( 0 ) ( N R 2 ) 2 ).
l - O x o - l - ( 2 . 3  . 5  - t r i m e t  h o x  y p h e n v l )  p r o  p a n - 2  - v l p h o s  p h o n i c  
B i s  ( d i m e t h y l  a m i d e  ) ( 1 2 4 ) * * 2
A  s o l u t i o n  o f  n - b u t y  l l i t h i u m  ( 3 . 9  m l ,  1 . 6 M  i n  
h e x a n e )  w a s  a d d e d  t o  a s t i r r e d  s o l u t i o n  o f
e t h y l p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e ) (  1 2 1 ) ( 1  g )  i n
d r y  t e t r a h y  d r o f u r a n  ( 1 5  m l )  at  - 7 8 ° C  u n d e r  n i t r o g e n .
T h e  m i x t u r e  w a s  s t i r r e d  at  - 5 0 ° C  f o r  3 h a f t e r  w h i c h  i t  
w a s  c o o l e d  to - 7 8 ° C ;  a s o l u t i o n  o f  m e t h y l  2 , 3 , 5 - t r i -  
m e t h o x y  b e n z o  a t e  ( 1 1 5 )  ( 0 . 6 8  g )  i n  d r y  t e t r a h y d r o f u r a n
( 1 0  m l )  w a s  t h e n  a d d e d .  S t i r r i n g  w a s  c o n t i n u e d  f o r
2 h at  - 7 8 ° C  a f t e r  w h i c h  t h e  s o l u t i o n  w a s  a l l o w e d  to  
w a r m  to r o o m  t e m p e r a t u r e .  W a t e r  ( 1 0  m l )  w a s  a d d e d  and
t h e  o r g a n i c  s o l v e n t s  w e r e  e v a p o r a t e d .  T h e  a q u e o u s
s o l u t i o n  w a s  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  a n d  t h e  
c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  w a s h e d  t h o r o u g h l y  w i t h  
a q u e o u s  s o d i u m  c h l o r i d e  ( 1 M )  t o  r e m o v e  t h e  u n c h a n g e d  
e t h y l p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e ) .  T h e  o r g a n i c
s o l u t i o n  w a s  d r i e d  a n d  e v a p o r a t e d  to  g i v e  t h e  p - o x o -  
p h o s p h o n a m i d e  ( 1 2 4 )  as an o i l  ( 0 . 9 7  g ,  9 0 % ) ;  8 ( C D C 1 3 )
6 . 6 0  ( 2 H ,  s ,  a r o m a t i c ) ,  4 . 5 3  ( 1 H ,  d q ,  / j j h  7 H z  a n d  
/ p H 18 H z ,  C / f M e ) ,  3 . 8 6  ( 3 H ,  s,  O C / / 3 ),  3 . 8 2  ( 3 H ,  s ,  O C / / 3 )
3 . 7 9  ( 3 H ,  s ,  O C / / 3 ),  2 . 6 0  ( 6 H,  d,  J p H  10  H z ,  N C / / 3 ) ,  2 . 5 8  
( 6 H,  d,  7 p j_£ 10 H z ,  N C / / 3 ),  1 . 4 9  ( 3 H ,  dd,  7 H z  and / p jj
16 Hz ,  C H C / / 3 ).
1 1 3
2 - D i m e t h v l a m i n o - 6 . 8 - d i h v d r o x v - 3 - m e t h v l - 2 ff - 1 . 2  A ^ - b e n z o x a -  
p h o s p h o r i n - 2 . 4 ( 3 / / ) - d i o n e  ( 1 2 6 ) * * 2
T h e  p - o x o p h o s p h o n a m i d e  ( 1 2 4 )  ( 0 . 2 3  g )  w a s
d i s s o l v e d  i n  d i c h l o r o m e t h a n e  ( 2 0  m l )  at  - 7 8 ° C  u n d e r
n i t r o g e n  a n d  b o r o n  t r i b r o m i d e  ( 0 . 5  m l )  w a s  a d d e d .  
A f t e r  15  m i n s ,  t h e  c o o l i n g  b a t h  w a s  r e m o v e d  a n d  t h e
r e a c t i o n  l e f t  at  r o o m  t e m p e r a t u r e  f o r  1 6  h .  E t h e r  a n d
t h e n  w a t e r  w e r e  a d d e d  a n d  t h e  a q u e o u s  l a y e r  w a s  
s a t u r a t e d  w i t h  s o d i u m  c h l o r i d e  a n d  e x t r a c t e d  w i t h  e t h y l  
a c e t a t e .  T h e  c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  d r i e d  a n d
e v a p o r a t e d .  T h e  r e s i d u e  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  
o n  s i l i c a  g e l  u s i n g  e t h y l  a c e t a t e  as  e l u a n t  t o  g i v e  t h e
c y c l i c  p h o s p h o n a t e  ( 1 2 6 )  ( 0 . 1 4  g ,  8 2 % ) ;  6  ( ( C D g ^ C O )
8 . 5 5  ( 2 H ,  s ,  O / / ) ,  6 . 7 6  ( 1 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,  6 . 6 4
( 1 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,  3 . 6 3  ( 1 H ,  d q ,  7 H z  a n d
/ p H  2 3 . 5  H z ,  C H C H 3 ),  2 . 8 2  ( 6 H ,  d,  / p H  10  H z ,  N C / f 3 ) ,  1 . 2 9  
( 3 H , d d ,  / HH 7 H z  and / p H  17 H z ,  C H C / / 3 ).
1 1 4
M e t h v l  2 - m e t h o x v b e n z o a t e  ( 1 3 1 ) 98
A  m i x t u r e  o f  m e t h y l  2 - h y d r o x y  b e n z o a t e  ( 1 0  g ) ,
d i m e t h y l  s u l p h a t e  ( 1 5 . 5  m l ) ,  a n d  a n h y d r o u s  p o t a s s i u m  
c a r b o n a t e  ( 7 2 . 7  g )  i n  A n a l a r  a c e t o n e  ( 1 5 0  m l )  w a s  
r e f l u x e d  f o r  5 h .  T h e  s o l u t i o n  w a s  c o o l e d ,  f i l t e r e d ,
w a s h e d  w i t h  A n a l a r  a c e t o n e  ( 1 5 0  m l )  a n d  e v a p o r a t e d  i n  
v a c u o  t o  g i v e  a c o l o u r l e s s  o i l .  T h i s  r e s i d u e  w a s  t h e n
d i s s o l v e d  i n  e t h e r  ( 2 0 0  m l ) ,  w a s h e d  w i t h  a m m o n i a  l i q u o r  
( 3  x  1 0 0  m l ) ,  1 0 %  s o d i u m  h y d r o x i d e  s o l u t i o n  ( 2  x  1 0 0  
m l ) ,  w a t e r  ( 2  x  1 0 0  m l ) ,  a n d  t h e n  d r i e d  a n d  e v a p o r a t e d  
t o  g i v e  a c o l o u r l e s s  o i l  ( 7 . 2 8  g ,  6 7 % ) ,  b . p .  1 4 6 -  
1 4 7 ° C / 1 5 m m  H g  ( l i t . 9 8  1 2 7 ° C / 1 1  m m  H g ) ;  5 ( C D C 1 3 ) 7 . 7 9  
( 1 H ,  m ,  a r o m a t i c ) ,  7 . 4 8  ( 1 H ,  m ,  a r o m a t i c ) ,  7 . 0 0  ( 2 H ,  m ,
a r o m a t i c ) ,  3 . 8 8  ( 6 H ,  s ,  O C / / 3 ); v m ax ( C H C I 3 ) 3 0 2 0  m ,
1 7 2 0  s ,  a n d  1 2 6 0  s c m - *.
l - O x o - l - ( 2 - m e t h o x v p h e n v l ) p r o p a n - 2 - v l p h o s p h o n i c  
B i s ( d i m e t h v l a m i d e )  ( 1 3 2 )
T h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  (J-
o x o p h o s p h o n a m i d e  ( 1 2 4 )  w a s  f o l l o w e d  u s i n g  m e t h y l  2 -  
m e t h o x y  b e n z o a t e  ( 1 3 1 )  (1 g )  i n  T H F  ( 1 0  m l ) ,  a s o l u t i o n
o f  n - b u t y l l i t h i u m  ( 7 . 6 3  m l ,  1 . 6 0 M  i n  h e x a n e ) ,  a n d  e t h y l ­
p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e ) (  1 2 1 )  ( 2 . 0 5  g )  i n  T H F
( 1 5  m l ) .  A n  a m b e r  o i l  w a s  f o r m e d  ( 0 . 8 9  g ,  4 9 % ) ;
8  ( C D C l j )  7 . 5 6  ( 2 H ,  m ,  a r o m a t i c ) ,  7 . 0 1  ( 2 H ,  t ,  J  4 H z ,
a r o m a t i c ) ,  4 . 5 3  ( 1 H ,  d q ,  6 H z  and  7pj^ 17 H z ,  C / / M e ) ,
3 . 8 7  ( 3 H ,  s , 0  C / / 3 ) ,  2 . 6 5  ( 6 H ,  d,  / p H  9 H z ,  N C / / 3 ) ,  2 . 5 0
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( 6 H,  d ,  / p H  9 H z ,  N C / / 3 ) ,  1 . 5 1  ( 3 H ,  d d ,  / H H  6 H z  a n d  / p H  
16Hz ,  C H C / / 3 )
( F o u n d :  C ,  5 6 . 3 1 ;  H ,  7 . 6 0 ;  N ,  9 . 4 5 ;  P ,  1 0 . 5 1 .  
C 1 4 H 2 3 N 2 O 3 P r e q u i r e s  C ,  5 6 . 3 6 ;  H ,  7 . 7 7 ;  N , 9 . 3 9 ;
P ,  1 0 . 3 8 % ) .
2 - D i m e t h v l a m i n o - 3 - m e t h v l - 2  ff - 1  . 2  A ^ b e n z o x a p h o s p h o r i n -
2 . 4 - ( 3 . t f - ) - d i o n e  ( 1 2 7 )
T h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  c y c l i c  
p h o s p h o n a t e  ( 1 2 6 )  w a s  f o l l o w e d  u s i n g  t h e  p -  
o x o p h o s p h o n a m i d e  ( 1 3 2 )  ( 0 . 3 0  g ) .  T h e  r e a c t i o n  y i e l d e d
a d a r k  b r o w n  c o l o u r e d  o i l  ( 0 . 2 0  g ,  8 3 % ) ;  6  ( C D C I 3 ) 7 . 8 5  
( 1 H ,  m ,  a r o m a t i c ) ,  7 . 4 7  ( 1 H ,  m ,  a r o m a t i c ) ,  7 . 1 3  ( 2 H ,  t,
J  l H z . t a r o m a t i c ) ,  3 . 2 1  ( 1 H ,  dq,  / j j j j  7 H z  an d  / p j j  2 3  H z ,  
C / / M e ) ,  2 . 8 4  ( 6 H , d ,  J p H  10  H z ,  N C / / 3 ),  1 . 3 2  ( 3 H , d d ,  / H H  7 
H z  a n d  / p H  1 6  H z ,  C H C / / 3 ) .  ( F o u n d  : C ,  5 5 . 1 5 ;  H ,
5 . 7 0 ;  N ,  5 . 9 5 ;  P ,  1 2 . 9 0 .  C 1 1 H 1 4 N 0 3 P r e q u i r e s  C ,
5 5 . 2 3 ;  H ,  5 . 9 0 ;  N ,  5 . 8 6 ;  P ,  1 2 . 9 5 % ) .
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M e t h y l  2 . 3 - d i m e t h o x v b e n z o a t e  ( 1 3 4 ) 99
A  s o l u t i o n  o f  2 , 3 - d i m e t h o x y b e n z o i c  a c i d  ( 4 . 5  g )  i n  
d r y  m e t h a n o l  ( 5 0  m l )  w a s  s a t u r a t e d  w i t h  h y d r o g e n  
c h l o r i d e ,  a n d  r e f l u x e d  f o r  4  h .  T h e  m e t h a n o l  w a s
e v a p o r a t e d  i n  v a c u o  a n d  t h e  r e s i d u e  d i s s o l v e d  i n  e t h e r .  
T h e  e t h e r  s o l u t i o n  w a s  w a s h e d  w i t h  s a t u r a t e d  a q u e o u s  
s o d i u m  b i c a r b o n a t e  a n d  t h e n  w a t e r ,  d r i e d ,  a n d  e v a p o r a t e d  
t o  g i v e  a w h i t e  c r y s t a l l i n e  s o l i d  ( 3 . 2 2  g ,  6 7 % ) ,  m . p .  
4 5  - 4 6 ° C  ( l i t . 9 9  4 6 - 4 8 ° C ) ;  6  ( C D C I 3 ) 7 . 3 3  ( 1 H ,  t ,  J
3 H z ,  a r o m a t i c ) ,  7 . 0 7  ( 2 H ,  d ,  J  3 H z ,  a r o m a t i c ) ,  3 . 8 9
( 9 H , s ,  O C H 3 ); v m a x  <K B r > 2 9 5 0  m > 1 7 0 0  s » 1 4 8 0  s » 1 2 6 0  
s ,  a n d  1 0 6 0  s c m 4 .
l - O x o - l - ( 2 . 3 - d i m e t h o x v p h e n v l ) p r o p a n - 2 - v l p h o s p h o n i c -  
B i s ( d i m e t h v l a m i d e )  ( 1 3 5 )
T h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  P - o x o -  
p h o s p h o n a m i d e  ( 1 2 4 )  w a s  f o l l o w e d  u s i n g  m e t h y l  2 , 3 -  
d i m e t h o x y  b e n z o a t e  ( 1 3 4 )  ( 1 . 0 0  g )  i n  T H F  ( 1 0  m l ) ,  a
s o l u t i o n  o f  n - b u t y  l l i t h i u m  ( 6 . 4 7  m l ,  1 . 6 0 M  i n  h e x a n e ) ,  
a n d  e t h y l p h o s p h o n i c  a c i d  b i s ( d i m e t h y l a m i d e )  ( 1 2 1 )  ( 1 . 7 3
g )  i n  T H F  ( 1 5 m l ) .  T h e  r e a c t i o n  y i e l d e d  t h e  p -
o x o p h o s p h o n a m i d e  ( 1 3 5 )  ( 1 . 1 8  g ,  7 1 % ) ;  6  ( C D C I 3 ) 7 . 1 2
( 3 H ,  m ,  a r o m a t i c ) ,  4 . 5 1  ( 1 H ,  dq ,  6  H z  and / p j j  17  H z ,
C / / M e ) , 3 . 8 9  ( 6 H , s ,  O C / / 3 ),  2 . 6 5  ( 6 H,  d,  J p H  9 H z ,  N C / / 3 ) ,  
2 . 5 4  ( 6 H,  d,  / p H  9 H z ,  N C / / 3 ),  1 . 55  ( 3 H ,  dd ,  / H H  7 H z  and  
/ pH 16 Hz,  C H C / / 3 )
( F o u n d  : C,  5 4 . 7 2 ;  H,  7 . 8 1 ;  N ,  8 . 6 5 ;  P ,  9 . 4 0 .
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^ 1 5 ^ 2 5 ^ 2 ^ 4 ^  re<l u i r e s  C ,  5 4 . 8 7 ;  H ,  7 . 6 7 ;  N ,  8 . 5 3 ;  P» 
9 . 4 3 % ) .
2 - D i m e t h v l a m i n o - 8 - h v d r o x v - 3 - m e t h v l - 2  H 1 . 2  A 
b e n z o x a p h o s p h o r i n - 2 . 4 ( 3 / / ) - d i o n e  ( 1 2 8 )
T h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  c y c l i c  
p h o s p h o n a t e  ( 1 2 6 )  w a s  f o l l o w e d  u s i n g  t h e  P - o x o p h o s -  
p h o n a m i d e  ( 1 3 5 )  ( 0 . 3 0  g )  in d i c h l o r o m e t h a n e  ( 2 0  m l ) ,  a n d  
b o r o n  t r i b r o m i d e  ( 0 . 5  m l ) .  T h e  r e a c t i o n  y i e l d e d  t h e
c y c l i c  p h o s p h o n a t e  ( 1 2 8 )  ( 0 . 2 2  g ,  9 6 % ) ;  6  [ ( C D ^ j C O ]
8 . 4 3  ( l H , s ,  O H ) ,  7 . 1 2  ( 3 H ,  m ,  a r o m a t i c ) ,  3 . 6 1  ( 1 H ,  d q ,
/ h h  7 Hz and 7 PH 18 Hz C / / M e >» 2 82  ( 6 H » d > 7 ph»  9 H z ’ 
N G / / 3 ),  1 . 2 2  ( 3 H ,  dd,  / H H  7 Hz  and / p H  16 H z ,  C H C / / 3 ).
( F o u n d  : C ,  5 1 . 7 0 ;  H ,  5 . 6 3 ;  N ,  5 . 4 2 ;  P ,  1 2 . 1 0 .
C 1 1 H 1 4 N 0 4 P r e q u i r e s  c » 5 1 . 7 7 ;  H,  5 . 5 3 ;  N ,  5 . 4 9 ;  P ,
1 2 . 1 4 % ) .
M e t h y l  2 . 5 - d i m e t h o x v b e n z o a t e  ( 1 3 7 ) * ^
A  m i x t u r e  o f  2 , 5 - d i m e t h o x y  b e n z o i c  a c i d  ( 1 0  g ) ,
d i m e t h y l  s u l p h a t e  ( 2 0  m l ) ,  a n d  a n h y d r o u s  p o t a s s i u m  
c a r b o n a t e  ( 5 0  g )  i n  A n a l a r  a c e t o n e  ( 5 0 0  m l )  w a s  r e f l u x e d  
f o r  5 h .  T h e  s o l u t i o n  w a s  c o o l e d ,  f i l t e r e d ,  w a s h e d
w i t h  A n a l a r  a c e t o n e  ( 1 5 0  m l ) ,  a n d  e v a p o r a t e d .  T h e
r e s i d u e  w a s  d i s s o l v e d  i n  e t h e r  ( 2 0 0  m l ) ,  w a s h e d  w i t h  
a m m o n i a  l i q u o r  ( 3  x 1 0 0  m l ) ,  1 0 %  s o d i u m  h y d r o x i d e  
s o l u t i o n  ( 2  x 1 0 0  m l ) ,  w a t e r  ( 2  x 1 0 0  m l ) ,  a n d  t h e n
1X8
d r i e d  a n d  e v a p o r a t e d  to  g i v e  a p a l e  y e l l o w  c o l o u r e d  o i l  
( 9 . 1  g ,  7 2 % ) ,  ( l i t . 1 0 0  b . p .  9 5 - 9 8 ° C / l  m m  H g ) ;  6  ( C D C I 3 ) 
7 . 4 7  ( 1 H ,  d ,  /  3 H z ,  a r o m a t i c ) ,  7 . 0 1  ( 2 H ,  m ,  a r o m a t i c ) ,  
3 . 8 9  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 8 4  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 7 8  ( 3 H ,  s ,
O C / / 3 ); v m a x  ( C H C I 3 ) 3 0 2 0  m ,  1 7 2 0  s ,  and 1 5 0 0  s c m " 1 .
l - O x o - l - ( 2 . 5 - d i m e t h o x y p h e n v l ) p r o p a n - 2 - v l p h o s p h o n i c -  
B i s ( d i m e t h v l a m i d e )  ( 1 3 8 )
T h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  p - o x o p h o s p h o n -  
a m i d e  ( 1 2 4 )  w a s  f o l l o w e d  u s i n g  m e t h y l  2 , 5 -  
d i m e t h o x y  b e n z o a t e  ( 1 3 7 )  ( 1 . 0 0  g )  i n  T H F  ( 1 0  m l ) ,  a
s o l u t i o n  o f  / z - b u t y  l l i t h  i u m  ( 6 . 4 7  m l ,  1 . 6 0 M  i n  h e x a n e )  
a n d  e t h y l p h o s p h o n i c  a c i d  b i s ( d i m e t h y  l a m i d e )  ( 1 2 1 )  ( 1 . 7 3
g )  i n  T H F  ( 1 5  m l ) .  T h e  r e a c t i o n  y i e l d e d  t h e  P -
o x o p h o s p h o n a m i d e  ( 1 3 8 )  ( 1 . 1 6  g ,  6 9 % ) ;  5 ( C D C I 3 ) 7 . 1 3
( 1 H ,  m ,  a r o m a t i c ) ,  6 . 9 7  ( 2 H ,  m ,  a r o m a t i c ) ,  4 . 6 4  ( 1 H ,  d q ,
/ H H  6  H z  a n d  7 P H 1 6  H z » C H M e ) ,  3  8 7  ( 3 H > s > O C / / 3 ) ,
3 . 7 8  ( 3 H ,  s ,  O C / / 3 ),  2 . 6 6  ( 6 H,  d,  / p H  9 H z ,  N C / / 3 ) ,  2 . 5 6
( 6 H,  d,  J p H  9 H z ,  N C / f 3 ) ,  1 . 5 2  ( 3 H ,  d d ,  / H H  7 H z  and
/ p H  16 Hz ,  C H C / / 3 ).
( F o u n d  : C ,  5 4 . 8 2 ;  H ,  7 . 5 3 ;  N ,  8 . 3 7 ;  P,  9 . 4 0 .
C 1 5 H 2 5 N 2 ° 4 P r e q u i r e s C ,  5 4 . 8 7 ;  H,  7 . 6 7 ;  N ,  8 . 5 3 ;
P ,  9 . 4 3 % ) .
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2 - D i m e t h v l a m i n o - 6 - h v d r o x v - 3 - m e t h v l - 2  f l - 1 . 2  A - 
b e n z o x a p h o s p h o r i n - 2 . 4 ( 3 / / ) - d i o n e  ( 1 2 9 )
T h e  m e t h o d  o f  p r e p a r a t i o n  o f  t h e  c y c l i c  
p h o s p h o n a m i d e  ( 1 2 6 )  w a s  f o l l o w e d  u s i n g  t h e  ( 3 - o x o p h o s -  
p h o n a m i d e  ( 1 3 8 )  ( 0 . 3 5  g )  i n  d i c h l o r o m e t h a n e  ( 2 0  m l ) ,  a n d  
b o r o n  t r i b r o m i d e  ( 0 . 5  m l ) .  T h e  r e a c t i o n  y i e l d e d  t h e
c y c l i c  p h o s p h o n a t e  ( 1 2 9 )  ( 0 . 2 5  g ,  9 3 % ) ;  8  [ ( C 0 3 ) 2 C 0 ]
8 . 5 1  ( 1 H ,  s ,  O H ) ,  7 . 2 2  ( 1 H ,  d,  /  3 H z ,  a r o m a t i c ) ,  6 . 9 8
( 2 H ,  t ,  /  3 H z ,  a r o m a t i c ) ,  3 . 1 2  ( 1 H ,  d q ,  7 j j H  7 H z  a n d
/ p H  2 3  H z ,  C / / M e ) ,  2 . 6 4  ( 6 H,  d,  J p H  10  H z ,  N C / f 3 ) ,  1 . 3 3
( 3 H ,  dd,  J H H  7 H z  and / p H  16 H z ,  C H C / f 3 ).
( F o u n d  : C ,  5 1 . 6 5 ;  H,  5 . 7 0 ;  N ,  5 . 3 5 ;  P,  1 2 . 2 0 .  
C 1 1 H 1 4 N O 4 P r e q u i r e s  C ,  5 1 . 7 7 ;  H,  5 . 5 3 ;  N ,  5 . 4 9 ;
P ,  1 2 . 1 4 % ) .
T r i e t h v l  p h o s o h o n o a c e t a t e  ( 1 4 0 ) * ^ *
E t h y l  c h l o r o a c e t a t e  ( 6 5  g )  a n d  t r i e t h y l  p h o s p h i t e  
( 8 8  g )  w e r e  t h o r o u g h l y  m i x e d  i n  a r o u n d  b o t t o m e d  f l a s k  
( 2 5 0  m l )  w i t h  a c o n d e n s e r  a n d  p l a c e d  i n  a n  o i l  b a t h .  
T h e  r e a c t i o n  m i x t u r e  w a s  h e a t e d  a n d  s t i r r e d  a n d  t h e
t e m p e r a t u r e  s l o w l y  b r o u g h t  t o  1 2 5 ° C ,  t h e n  t h e  e x t e r n a l  
h e a t  w a s  d i s c o n t i n u e d  f o r  3 0  m i n s .  A s  t h e  r e a c t i o n
p r o c e e d e d  a v i g o r o u s  b u t  c o n t r o l l e d  e v o l u t i o n  o f  e t h y l  
c h l o r i d e  o c c u r r e d .  T h e  t e m p e r a t u r e  w a s  t h e n  b r o u g h t
up to 1 6 0 ° C  o v e r  a 7 5  m i n  p e r i o d  and  h e l d  t h e r e  f o r  8  h,  
a f t e r  w h i c h  t i m e  e t h y l  c h l o r i d e  e v o l u t i o n  h a d  s t o p p e d .  
T h e  l i q u i d  w a s  a l l o w e d  to  c o o l  o v e r n i g h t  t h e n  d i s t i l l e d  
i n v a c u o  t o  y i e l d  t r i e t h y l  p h o s p h o n o a c e t a t e  ( 1 4 0 )  as  a 
c o l o u r l e s s  o i l  ( 8 9 . 1  g ,  7 5 % ) ,  b . p .  8 6 - 9 0 ° C / 0 . 4  m m  H g
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( l i t . 1 0 1  1 0 9 ° C / 0 . 8 m m  H g ) ;  5 ( C D C I 3 ) 4 . 2 0  ( 4 H ,  d q ,
/ h h  2  H z  a n d  J p H  1 H z  P 0 2 C / / 2 ) ,  4 . 1 3  ( 2 H ,  q,  /  6  H z ,
C 0 2 C / / 2 C H 3 ),  2 . 9 5  ( 2 H ,  d,  / p H  2 0  H z ,  P C / / 2 ) ,  1 . 3 2  ( 6 H,
t, /  6  H z ,  P O C H 2 CH 3 ),  1 . 2 7  ( 3 H ,  t,  /  6  H z ,  C 0 2 C H 2 C / / 3 ); 
v m a x  ( t h i n  f i l m )  1 7 4 0  s ,  1 2 7 0  s ,  a n d  1 0 3 0  s c m " 1 .
E t h y l  h e x - 2 - e n o a t e  ( 1 4 2 ) 1 0 ^
T r i e t h y l  p h o s p h o n o a c e t a t e ( 5 0  g )  w a s  a d d e d  
d r o p w i s e  f o r  a p e r i o d  o f  1 h to  s o d i u m  h y d r i d e  ( 9  g ,  6 0 %  
m i n e r a l  o i l  d i s p e r s i o n )  i n  d r y  d i e t h y l  e t h e r  ( 3 0 0  m l )  at  
0 ° C .  T h e  m i x t u r e  w a s  a l l o w e d  t o  w a r m  u p  t o  r o o m
t e m p e r a t u r e  a n d  t h e n  h e a t e d  t o  r e f l u x  f o r  1 h a f t e r  
w h i c h  t h e  s o l u t i o n  w a s  c o o l e d  t o  - 1 0 ° C  i n  an  i c e - s a l t
b a t h  a n d  f r e s h l y  d i s t i l l e d  b u t y  r a l d e h y d e  ( 1 6  g )  w a s  
a d d e d  to  t h e  v i g o r o u s l y  s t i r r e d  s o l u t i o n  d u r i n g  a p e r i o d  
o f  4 5  m i n s .  A s  t h e  r e a c t i o n  p r o c e e d e d  t h e  s o l u t i o n
b e c a m e  i n c r e a s i n g l y  v i s c o u s .  T h e  r e a c t i o n  m i x t u r e  w a s
s t i r r e d  f o r  a n o t h e r  h o u r  a n d  t h e n  b r o u g h t  s l o w l y  t o  
r e f l u x .  On  c o o l i n g  a t h i c k  g u m m y  p r e c i p i t a t e  o f  s o d i u m  
d i e t h y l  p h o s p h a t e  w a s  o b s e r v e d .  T h e  r e m a i n i n g  l i q u i d
w a s  d e c a n t e d  o f f  a n d  t h e  g u m m y  p r e c i p i t a t e  w a s h e d  w i t h
e t h e r .  T h e  c o m b i n e d  e t h e r  s o l u t i o n s  w e r e  w a s h e d  w i t h
s a t u r a t e d  a q u e o u s  s o d i u m  h y d r o g e n  c a r b o n a t e ,  a n d  t h e n  
w a t e r .  T h e  e t h e r  e x t r a c t  w a s  d r i e d  a n d  e v a p o r a t e d  in
v a c u o  t o  g i v e  e t h y l  h e x - 2 - e n o a t e  ( 1 4 2 )  ( 2 7 . 7  g ,  8 9 % ) ;
5 ( C D C 1 3 ) 6 . 9 4  ( 1 H ,  d t ,  /  6  H z  an d  1 4  H z ,  3 - / 7 ) ,  5 . 8 1
( 1 H ,  dt ,  J  1 . 5  H z  and  14  H z ,  2 - / / ) ,  4 . 1 8  ( 2 H ,  q,  /  6  H z ,
O C / / 2 ),  2 . 1 7  ( 2 H , q,  /  6  H z ,  4 - / / 2 ),  1 . 5 0  ( 2 H ,  m ,  5 - / / 2 ),
1 . 2 7  ( 3 H ,  t, /  6  H z ,  O C H 2 C / / 3 ) ,  0 . 9 1  ( 3 H ,  t, /  6  H z ,  6 -
h 3 ); v m a x  ( t h i n  f i l m )  1 7 2 5  s ,  1 6 5 5  s ,  1 2 7 0  s ,  a n d  1 1 8 0
s cm" 1 .
E t h y l  6 - p r o p v l - 5 . 6 - d i h v d r o - l 3 - r e s o r c v l a t e ( 1 4 3 ) 1 0 2
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E t h y l  a c e t o a c e t a t e  ( 1 8 . 3  g )  w a s  a d d e d  d r o p w i s e  t o  a 
s t i r r e d  s o l u t i o n  o f  s o d i u m  ( 3 . 6 5  g )  i n  d r y  e t h a n o l  
( 1 0 0  m l )  at  a r a t e  w h i c h  m a i n t a i n e d  a g e n t l e  r e f l u x .  
T h e  s o l u t i o n  w a s  h e a t e d  at  r e f l u x  f o r  a f u r t h e r  3 0  m i n s ,
t h e n  e t h y l  h e x - 2 - e n o a t e  ( 2 0  g )  w a s  a d d e d  d r o p w i s e  d u r i n g  
15 m i n s .  T h e  m i x t u r e  w a s  h e a t e d  at r e f l u x  f o r  6  h and
t h e n  s t i r r e d  at  r o o m  t e m p e r a t u r e  f o r  a f u r t h e r  1 6  h .  
T h e  s o d i u m  s a l t  o f  t h e  e n o l a t e  p r o d u c e d  w a s  f i l t e r e d ,  
w a s h e d  w i t h  d r y  e t h e r  a n d  a i r  d r i e d .  T h e  d r i e d  s a l t
w a s  d i s s o l v e d  i n  w a t e r ,  w a s h e d  w i t h  e t h e r ,  a c i d i f i e d  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  a n d  t h e  a q u e o u s  s o l u t i o n  
e x t r a c t e d  w i t h  e t h e r .  T h e  e x t r a c t  w a s  d r i e d  a n d
e v a p o r a t e d  t o  g i v e  e t h y l  6 - p r o p y l - 5  , 6 - d i h y d r o - | 3 -  
r e s o r c y l a t e  ( 1 4 3 )  as  an  o i l ,  w h i c h  s l o w l y  c r y s t a l l i s e d  
t o  g i v e  p a l e  y e l l o w  c r y s t a l s  ( 1 1 . 7  g ,  3 7 % ) ,  m . p .  7 8 - 8 0 ° C  
( l i t . 1 0 2  8 0 ° C ) ;  6  ( C D C I 3 ) 5 . 5 4  ( 1 H  , s ,  e x c h a n g e a b l e
w i t h  D 2 O,  O H ) ,  4 . 6 7  ( 1 H ,  s ,  e x c h a n g e a b l e  w i t h  D 2 O,  O H ) ,  
4 . 2 1  ( 2 H , q ,  J  7 H z ,  O C  H  2 ) , 3 . 5 5  ( 2 H ,  m ,  5 - H 2 ) ,  3 . 2 0
( 1 H ,  d,  J  10  H z ,  6 - H ),  2 . 5 3  ( 3 H ,  m ,  C H C H 2 ),  1 . 3 0  ( 2 H ,  m,
C H 2 C / / 2 C H 3 ) ,  1 . 2 5  ( 3 H ,  t ,  J  7 H z ,  O C H 2 CH 3 ),  0 . 9 2  ( 3 H ,  m,
C H 2 C H 2 C H 3 ); v m a x  ( K B r )  1 7 3 5  s ,  1 6 1 0  s ,  and 1 5 1 0  s c m " 1 .
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E t h y l  3 . 5 - d i c h l o r o - 6 - p r o p v l - B - r e s o r c v l a t e  ( 1 4 4 ) 1 0 2
C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  w a s  d r o p p e d  o n t o  
p o t a s s i u m  p e r m a n g a n a t e  c r y s t a l s  i n  o r d e r  t o  p r e p a r e  a 
s o l u t i o n  o f  c h l o r i n e .  T h e  g a s  w a s  p u r i f i e d  b y  b u b b l i n g  
i t  t h r o u g h  a p o t a s s i u m  p e r m a n g a n a t e  s o l u t i o n  a n d  t h e n  
w a t e r .  I t  w a s  c o l l e c t e d  i n  4 0 0  m l  o f  a c e t i c  a c i d  s o  
t h a t  t h e  w e i g h t  o f  t h e  f l a s k  i n c r e a s e d  b y  3 5 . 5  g .
A c e t i c  a c i d  ( 2 4 . 8  m l )  c o n t a i n i n g  c h l o r i n e  ( 2 . 2  g )  
w a s  a d d e d  to  a s t i r r e d  s o l u t i o n  o f  e t h y l  6 - p r o p y l - 5  , 6 - 
d i h y d r o - p - r e s o r c y l a t e  ( 1 4 3 )  ( 3 . 3  g )  i n  g l a c i a l  a c e t i c
a c i d  ( 2 0  m l )  at  0 ° C .  T h e  m i x t u r e  w a s  s t i r r e d  at  t h i s
t e m p e r a t u r e  f o r  3 0  m i n s ,  t h e n  at r o o m  t e m p e r a t u r e  f o r  3 0  
m i n s  a n d  f i n a l l y  at 6 0 ° C  f o r  4  h .  N i t r o g e n  w a s  t h e n
p a s s e d  t h r o u g h  t h e  s o l u t i o n  t o  r e m o v e  a n y  h y d r o g e n  
c h l o r i d e  g a s  w h i c h  h a d  e v o l v e d .  A  f u r t h e r  q u a n t i t y
o f  c h l o r i n e  ( 1 . 5  g )  i n  a c e t i c  a c i d  ( 1 6 . 9  m l )  w a s  a d d e d  
t o  t h e  s t i r r e d  m i x t u r e  at  a p p r o x i m a t e l y  0 ° C ,  a s s u r i n g  
t h a t  t h e  s o l u t i o n  d i d  n o t  f r e e z e .  T h i s  m i x t u r e  w a s
t h e n  s t i r r e d  f o r  3 0  m i n s  a n d  p o u r e d  o n t o  an  i c e - w a t e r  
m i x t u r e  f r o m  w h i c h  t h e  p r o d u c t  p r e c i p i t a t e d  f r o m  
s o l u t i o n .  E t h y l  3 , 5  - d i c h  1 o r  o - 6 - p r o p y  1 - - r e s o r c y  1 a t e
( 1 4 4 )  w a s  r e c r y s t a l l i s e d  f r o m  e t h e r  a n d  h e x a n e  ( 2 . 5 6  g ,  
6 0 % ) ,  m . p .  8 5 - 8 7 ° C  ( l i t . 1 0 2  8 6 - 8 8 ° C ) ;  5 ( C D C I 3 ) 6 . 4 8
( 2 H ,  br s ,  e x c h a n g e a b l e  w i t h  D 2 0 ,  O H ) ,  4 . 5 0  ( 2 H ,  q ,  /  7 
H z ,  O C / / 2 C H 3 ) ,  3 . 0 5  ( 2 H ,  m ,  C / / 2 C H 2 C H 3 ),  1 . 5 3  ( 2 H ,  m,
C H 2 C / / 2 C H 3 ) ,  1 . 4 6  ( 3 H ,  t, /  7 H z ,  O C H 2 C H 3 ),  1 . 0 3  ( 3 H ,  t, 
J  7 H z ,  C H 2 C H 2 C H 3 ); v m a x  ( K B r )  3 4 0 0  s ,  1 6 4 0  s ,  a n d  
1 5 8 5  c m - 1 .
E t h v l  3 . 5 - d i c h l o r o - 2 . 4 - d i m e t h o x v - 6 - p r o p v l -  
b c n z o a t c  ( 1 4 5 ) 1 0 2
A  s o l u t i o n  o f  e t h y l  3 , 5 - d i c h l o r o - 6 - p r o p y l - p -  
r e s o r c y l a t e  ( 1 4 4 )  ( 2  g )  i n  A n a l a r  a c e t o n e  ( 2 0  m l )  w i t h
d i m e t h y l  s u l p h a t e  ( 1 . 2 8  g )  a n d  a n h y d r o u s  p o t a s s i u m  
c a r b o n a t e  ( 3 . 7 6  g )  w a s  h e a t e d  at  r e f l u x  f o r  4  h .  T h e  
s o l u t i o n  w a s  a l l o w e d  to  c o o l ,  t h e n  f i l t e r e d ,  a n d  w a s h e d  
w i t h  a c e t o n e .  T h e  a c e t o n e  s o l u t i o n s  w e r e  e v a p o r a t e d
a n d  t h e  r e s i d u e  d i s s o l v e d  i n  e t h y l  a c e t a t e  t h e n  w a s h e d  
w i t h  a m m o n i a  l i q u o r  (3 x 1 0 0  m l )  an d  w a t e r  ( 2  x  1 0 0  m l )  
r e s p e c t i v e l y ,  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  a b r o w n  o i l .  
T h i s  r e s i d u e  w a s  d i s t i l l e d  i n  v a c u o  t o  y i e l d  a 
c o l o u r l e s s  o i l  ( 1 . 2 6  g ,  5 8 % ) ,  b . p .  2 2 0 ° C / 0 . 6 0  m m  H g ;
5  ( C D C I 3 ) 4 . 1 5  ( 2 H , q ,  /  7 H z ,  O C  H  2 ) , 3 . 9 2  ( 6 H ,  s ,
O C / / 3 ) ,  2 . 7 0  ( 2 H ,  m ,  C / / 2 C H 2 C H 3 ), 1 . 6 0  ( 2 H ,  m,  C H 2 C / f 2 C H 3 ),
1 . 2 7  ( 3 H ,  t ,  /  7 H z ,  O C H 2 C / / 3 ) ,  1 . 0 0  ( 3 H ,  t ,  /  7 H z ,
C H 2 C H 2 C / f 3 ); v m ax f i l m )  1 7 3 4  s ,  an d  1 5 6 5  s c m " 1 .
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E t h y l  3 . 5  - d i c h l o r o - 2 - h v d r o x v - 4 - m e  t h o x v - 6 - p r o p y l -  
b e n z o a t e  ( 1 4 6 1
A l u m i n i u m  t r i c h l o r i d e  ( 6 0 0  m g )  w a s  a d d e d  s l o w l y  to  
a s o l u t i o n  o f  e t h y l  3 , 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l -  
b e n z o a t e  ( 2 0 0  m g )  i n  n i t r o b e n z e n e  ( 1 5  m l ) .  T h e  m i x t u r e  
w a s  s t i r r e d  f o r  5 h at  a t e m p e r a t u r e  b e t w e e n  5 0 - 6 0 ° C  and  
t h e n  p o u r e d  o n t o  an i c e - w a t e r  m i x t u r e  a n d  a c i d i f i e d  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d .  T h e  a c i d i c  s o l u t i o n  w a s
e x t r a c t e d  w i t h  e t h e r  ( 3  x 4 0  m l )  a n d  t h e  c o m b i n e d  
e x t r a c t s  w e r e  e x t r a c t e d  w i t h  1 0 % s o d i u m  h y d r o x i d e  
s o l u t i o n  ( 2  x  4 0  m l ) .  T h e  b a s i c  s o l u t i o n  w a s  t h e n
w a s h e d  w i t h  e t h e r  ( 2  x  4 0  m l ) ,  a c i d i f i e d  w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d ,  a n d  a g a i n  e x t r a c t e d  w i t h  e t h e r  ( 3  x  
5 0  m l ) .  T h e  f i n a l  e x t r a c t s  w e r e  d r i e d  a n d  e v a p o r a t e d  
t o  g i v e  a b r o w n  o i l  w h i c h  s l o w l y  c r y s t a l l i s e d  t o  g i v e  
e t h y l  3 , 5 - d i c h l o r o - 2 - h y d r o x y - 4 - m e t h o x y - 6 - p r o p y l b e n z o a t e  
( 1 4 6 )  ( 5 0  m g ,  2 6 % ) ;  6  ( C D C I 3 ) 4 . 4 8  ( 2 H ,  q ,  J  7 H z ,
O C / / 2 C H 3 ) 3 . 9 5  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 0 5  ( 2 H ,  m ,  C / / 2 C H 2 C H 3 ),
1 . 6 2  ( 2 H ,  m ,  C H 2 C / / 2 C H 3 ),  1 . 45  ( 3 H ,  t, /  7 H z ,  O C H 2 C H 3 ),
1 . 0 2  ( 3 H ,  t,  J  8  H z ,  C H 2 C H 2 C / / 3 ); v m a x  ( K B r )  3 4 3 0  br,  
1 6 5 0  s ,  a n d  1 5 8 8  s c m - 1 ; m l z  2 9 8 / 2 9 6 / 2 9 4  ( M + ).
( F o u n d :  C ,  4 7 . 9 5 ;  H ,  5 . 3 0 ;  C l ,  2 3 . 5 0 .
C 1 2 H 1 6 ° 4 C12 r e q u i r e s  C ,  4 8 . 8 3 ;  H ,  5 . 4 6 ;  C l ,  2 4 . 0 2 % ) .
A t t e m p t e d  p r e p a r a t i o n  o f  3 . 5 - d i c h l o r o - 2 . 4 - d i m e t h o x v - 6 -
p r o p v l b e n z o i c  a c i d  ( 1 4 8 )  u s i n g  s o d i u m  h y d r o x i d e
E t h y l  3 , 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l b e n z o a t e  
( 1 4 5 )  ( 1 0 0  m g )  w a s  d i s s o l v e d  i n  a 2 5 %  s o d i u m  h y d r o x i d e
s o l u t i o n  (3  m l )  a n d  a l l o w e d  to  s t a n d  at  r o o m  t e m p e r a t u r e
f o r  7 d a y s .  T h e  m i x t u r e  w a s  t h e n  d i l u t e d  w i t h  w a t e r ,
a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a n d  e x t r a c t e d  
w i t h  e t h e r .  T h e  e x t r a c t  w a s  d r i e d  a n d  e v a p o r a t e d  t o  
g i v e  a b r o w n  o i l  w h i c h  w a s  i d e n t i f i e d  a s  s t a r t i n g
m a t e r i a l .
A t t e m p t e d  p r e p a r a t i o n  o f  3 . 5 - d i c h l o r o - 2 . 4 - d i m e t h o x v - 6 -  
p r o p v l b e n z o i c  a c i d  ( 1 4 8 )  u s i n g  t r i m e t h v l s i l  v l i o d i d e
E t h y l  3 , 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l b e n z o a t e  
( 1 4 8 )  ( 1 1 0  m g )  w a s  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e
( 2 0  m l )  w h i c h  h a d  b e e n  p r e v i o u s l y  d r i e d  b y  p a s s i n g  i t  
t h r o u g h  a c o l u m n  o f  a l u m i n a .  T r i m e t h y l s i l y l i o d i d e  ( 0 . 8  
m l )  w a s  t h e n  a d d e d  to t he  m i x t u r e  w h i c h  w a s  h e a t e d  at  a 
t e m p e r a t u r e  o f  5 0 ° C  f o r  a p e r i o d  o f  4 8  h.  W a t e r  w a s
t h e n  a d d e d  to  t h e  s o l u t i o n  a n d  t h e  c a r b o n  t e t r a c h l o r i d e  
l a y e r  s e p a r a t e d  a n d  w a s h e d  w i t h  a s o l u t i o n  o f  s o d i u m  
t h i o s u l p h a t e , d r i e d  a n d  e v a p o r a t e d .  T h e  r e s i d u e  w a s
d i s s o l v e d  i n  e t h e r ,  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  a c l e a r  
o i l  w h i c h  w a s  t h e n  i d e n t i f i e d  as  s t a r t i n g  m a t e r i a l .
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2 . 4 - D i c h l o r o - 1 . 3 - d i m e t h o x v - 5 - p r o p y l b e n z e n e  ( 1 4 7 )
E t h y l  3 , 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l b e n z o a t e  
( 1 4 5 )  ( 1 0 0  m g )  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 2 . 5  m l )
w a s  k e p t  at 5 0 - 7 0 ° C  f o r  2 h t h e n  p o u r e d  o n t o  i c e  w a t e r ,  
e x t r a c t e d  w i t h  e t h e r ,  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  2 , 4 -  
d i c h l o r o - 1 , 3 - d i m e t h o x y - 5 - p r o p y  1 b e n z e n e  ( 1 4 7 )  as  an  o i l ;  
8 h  ( C D C I 3 ) 6 . 5 8  ( 1 H ,  s ,  a r o m a t i c ) ,  3 . 8 8  ( 6 H ,  s ,  O C i / 3 )
2 . 6 7  ( 2 H ,  m ,  C / / 2 C H 2 C H 3 ),  1 . 6 2  ( 2 H ,  m,  C H 2 C / / 2 C H 3 ) ,  0 . 9 5
( 3 H ,  t,  /  7 H z ,  C H 2 C H 2 C / / 3 ); v m a x  ( t h i n  f i l m )  2 9 6 0  m ,  
2 8 6 5  m ,  and 1 5 7 5  s c m - 1 ; m / z  2 5 2 / 2 5 0 / 2 4 8  ( M + )
( F o u n d  : C,  5 2 . 8 8 ;  H,  5 . 3 5 ;  C l ,  2 8 . 2 7 .
C 1 1 H 1 4 ° 2 C12 r e q u i r e s  C,  5 3 . 0 3 ;  H ,  5 . 6 6 ;  C l ,  2 8 . 4 6 % ) .
3 . 5 - D i c h l o r o - 2 . 4 - d i m e t h o x v - 6 - p r o p v l b e n z o i c  a c i d  ( 1 4 8 )
E t h y l  3 , 5 - d i c h l o r o - 2 , 4 - d i m e t h o x y - 6 - p r o p y l b e n z o a t e
( 1 4 5 )  ( 1 0 0  m g )  w a s  d i s s o l v e d  i n  an i c e - c o l d  s o l u t i o n  o f
c o n c e n t r a t e d  s u l p h u r i c  a c i d  (5  m l )  a n d  a l l o w e d  t o  s t a n d  
at 0 ° C  f o r  6  d a y s .  T h e  m i x t u r e  w a s  t h e n  p o u r e d  o n t o
i c e - w a t e r  a n d  e x t r a c t e d  w i t h  e t h e r .  T h e  e t h e r
e x t r a c t  w a s  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  a b r o w n  o i l  
( 1 4 8 )  ( 9 0  m g ,  9 8 % ) ;  8  ( C D C I 3 ) ,  6 . 0 6  ( 1 H ,  br s ,  C O  2 / / ) ,
3 . 9 8  ( 6 H,  s ,  O C / / 3 ) ,  2 . 8 0  ( 2 H ,  m ,  C / / 2 C H 2 C H 3 ) ,  1 . 6 8  ( 2 H ,  
m ,  C H 2 C / / 2 C H 3 ),  1 . 0 2  ( 3 H ,  t, /  7 H z ,  C H 2 C H 2 C / / 3 ); v m a x
( t h i n  f i l m )  1 7 3 0  s ,  a n d  1 5 7 0  s c m " 1 ; m / z  2 9 6 / 2 9 4 / 2 9 2  
<M + ) .
( F o u n d  : C ,  4 9 . 0 3 ;  H,  4 . 5 9 ;  C l ,  2 4 . 3 1 .
C 1 2 H 1 4 ° 4 C12 r e q u i r e s  C,  4 9 . 1 6 ;  H,  4 . 8 1 ;  C l ,  2 4 . 1 9 % ) .
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3 . 5 - D i c h l o r o - 2 - h v d r o x v - 4 - m e t h o x v - 6 - p r o p v l b e n z o i c  
a c i d  ( 1 3 9 )  ( D i f f e r a n i s o l e  A ) .
E t h y l  3 , 5 - d i c h l o r o - 2 - h y d r o x y - 4 - m e t h o x y - 6 - p r o p y l -  
b e n z o a t e  ( 1 4 6 )  ( 4 0  m g )  w a s  d i s s o l v e d  i n  an  i c e  c o l d
s o l u t i o n  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 1 0  m l )  a n d
a l l o w e d  t o  s t a n d  at  0 ° C  f o r  6  d a y s .  T h e  m i x t u r e  w a s
t h e n  p o u r e d  o n t o  i c e - w a t e r  a n d  e x t r a c t e d  w i t h  e t h e r .  
T h e  e t h e r  e x t r a c t  w a s  t h e n  d r i e d  a n d  e v a p o r a t e d  t o  g i v e  
( 1 3 9 )  as  a b r o w n  s o l i d  ( 3 0  m g ,  8 4 % ) ;  5 [ ( C D 3 ) 2 C O ]  7 . 1 2
( 1 H ,  br  s ,  C O  2 / / ) ,  3 . 8 0  ( 3 H ,  s ,  O C / / 3 ) ,  3 . 1 7  ( 2 H ,  m ,
C H 2 C H 2 C H 3)» 1 . 5 7  ( 2 H ,  m ,  C H 2 C / / 2 C H 3 ),  0 . 9 8  ( 3 H ,  t,  /  7 
H z ,  C H 2 C H 2 C / / 3 ); v m a x  ( KBr )  3 4 0 0  m and 1 6 3 0  s cm"*;  
m / z  2 8 2 / 2 8 0 / 2 7 8  ( M  + ) .
( F o u n d  : C ,  4 7 . 2 3 ,  H,  4 . 2 1 ;  C l ,  2 5 . 3 7 .
c  1 1 H 1 2 ° 4 C12 r e q u i r e s  C,  4 7 . 3 3 ;  H,  4 . 3 4 ;  C l ,  2 5 . 4 0 % ) .
REFERENCES
1. J.B. Hendrickson, "The Molecules of Nature", W.A. Benjamin,
New York, 1965.
2. M.E. Wolff, "Burger's Medicinal Chemistry", Part 1, Fourth 
Edition, Wiley, 1980.
3. P. Manitto, "Biosynthesis of Natural Products", Ellis 
Horwood Ltd., 1981.
4. W.B. Turner, "Fungal Metabolites", Academic Press, London 
and New York, 1971.
5. P.A. Worthington, "Natural Product Reports", 1988, 5_, 
pg. 47,-66.
6. K. Beautement and J.M. Clough, Te trah edron  L e t t . ,  1987, 28 ,
475.
7. J.N. Collie, J .  Chem. S o c . , 1907, 91_, 1806.
8. A.J. Birch, R.A. Massey-Westropp and C.J. Moye,
A u s t .  J .  Chem.,  1955, 8_, 539.
9. A.J. Birch and F.W. Donovan, A u s t .  J .  Chem.,  1953, 6_, 360.
10. T. Money, "Biosynthesis", (Specialist Periodical Reports),
The Chemical Society, London, 1973, 2_, 183.
11. A.I. Scott, G.T. Phillips and U. Kircheis, B i o r g . Chem., 1971, 
1_, 380.
12. J.D. Bu'Lock, H,M. Smalley and G.N. Smith, J .  B i o l .  Chem.,
1962, 237, 1778.
13. C.T. Bedford, J.C. Fairlie, P. Knittel, T. Money and 
G.T. Phillips, J .  Chem. S o c . ,  Chem. Comm., 1971, 323.
14. L. Canonica, W. Kroszczynski, B.M. Ranzi and C. Scolastico,
J .  Chem. S o c . ,  Chem. Comm., 1971, 257.
15. S.B. Carter, T.J. Franklin, D.F. Jones, B.J. Leonard,
S.D. Mills and R.W. Turner, N a tu r e ,  1969, 223 , 848.
16. L. Canonica, W. Kroszczynski, B.M. Ranzi, B. Rindone and
C. Scolastico, J. Chem. S o c . ,  P e r k in  Trans .  I . ,  1972, 2639.
17. L. Canonica, B. Rindone, C. Scolastico, F. Aragozzini and 
R. Craven, J .  Chem. S o c . ,  Chem. Comm., 1973, 222.
18. H. Seto, L.W. Cary and M, Tanabe, J .C h e m .S o c . ,  Chem.Comm.,
1973, 867.
19. R. Bentley and S. Gatenbeck, B io c h e m ., 1965, 4_, 1150.
20. J,A. Gudgeon, J.S.E. Holker and T.G. Simpson, J .  Chem. S o c . ,  
Chem. Comm., 1974, 636.
129
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
M.J. Garson, R.A. Hill and J. Staunton, J. Chem. Soc.,
Chem. Comm., 1977, 624.
M.J. Garson, R.A. Hill and J. Staunton, J. Chem. Soc.,
Chem. Comm., 1977, 921.
J.M.A.Al-Rawi, J.A. Elvidge, D.K. Jaiswal, J.R. Jones and 
R. Thomas, J. Chem. Soc., Chem. Comm., 1974, 220;
J.A. Elvidge, D.K. Jaiswal, J.R. Jones and R. Thomas,
J. Chem, Soc., Perkin Trans. I., 1977, 1080.
J.L. Hartwell, Lloydia, 1967, 30, 379.
J.L. Hartwell and A.W. Schrecker, J. Am. Chem. Soc., 1951, 
73, 2909.
J.L. Hartwell and A.W. Schrecker, Fortschr. Chem. Org, 
Naturst., 1958, 15_, 83.
D.G.I. Kingston, G. Samaranayake and C.A. Ivey, J. Nat. Prod 
No. 1, 1990, 53, 1.
M.C. Wani, H.L. Taylor, M.E, Wall, P. Coggon and A.T. McPhail 
J. Am, Chem, Soc,, 1971, 93, 2325.
R.A, Holton, R.R. Juo, H.B, Kim, A.D. Williams, S. Harusawa,
R.E. Lowenthal and S. Yogai, J. Am. Chem. Soc., 1988, 110,
6558,
J.M. Cassady, W.M. Baird and C.-J. Chang, J. Nat. Prod.,
No. 1, 1990, 53, 23.
T.G. McCloud, D.L. Smith, C.-J. Chang and J.M. Cassady, 
Experientia, 1987, 43, 947.
L. Xu, C.-J. Chang, J.-G. Yu and J.M. Cassady, J. Org. Chem.,
1989, 54_, 5418.
T.T. Dabrah and A.T. Sneden, J. Nat. Prod., 1984, 47, 652
G.-Q. Zheng, C.-J. Chang, T.J. Stout, J. Clardy and J.M.
Cassady, J. Am. Chem. Soc., 1989, 111, 5500.
N.-J. Sun, C.-J. Chang and J.M, Cassady, J. Nat. Prod.,
1987, 50, 843.
N.-J, Sun, C.-J. Chang and J.M. Cassady, Phytochemistry, 
1987, 26_ 3051.
J.M. Cassady, T.K. Lightner, T.G. McCloud, J.A. Hembree,
S.R, Byrn and C.-J. Chang, J. Org. Chem., 1984, 49, 942,
J.A. Hembree, C.-J. Chang, J.L. McLaughlin, J.M. Cassady,
D.J. Watts and E. Wenkert, Phytochemistry, 1979, 18, 1691.
D.K, Ho, A.T. McKenzie, S.R. Byrn and J.M. Cassady,
J. Org. Chem., 1987, 52, 342.
130
40. A.M, Habib, D.K. Ho, S. Masuda, J.McCloud, K.S. Reddy,
M. Aboushoer, A. McKenzie, S.R. Byrn, C.-J. Chang and 
J.M. Cassady, J. Org. Chem., 1987, 52, 412.
41. H. Smedley, K. Sikora and R. Stepney, "Cancer - What it is 
and how it's treated", Basil Blackwell Inc., Oxford and 
New York, 1985.
42. W.A, Creasey, "Cancer - An Introduction", Oxford University 
Press Inc,, Oxford and New York, 1981.
43. L.W, Wattenberg, Cancer Res., 1985, 45, 1.
44. D.E.V, Wilman, "The Chemistry of Antitumour Agents",
Blackie, Glasgow and London, 1990.
45. W.C.J. Ross, "Biological Alkylating Agents", Butterworths, 
London, 1962.
46. S.A. Little and P.E. Mirkes, Cancer Res., 1987, 47, 5421.
47. T.J. Bardos, N. Datta-Gupta, P. Hebborn and D.J. Triggle,
J. Med. Chem., 1965, 8_, 167.
48. G.P, Wheeler, B.J. Bowdon and J.A. Grimsley, Cancer Res.,
1974, 34_, 194.
49. J. Hansson, R. Lewensohn, U. Ringborg and B. Nilsson,
Cancer Res., 1987, 47, 2631.
50. K.K. Misiura, R.W. Kinas, V.J. Stec, H. Kusnierczyk,
R. Rudzikowski and A. Sanoda, J .  Med. Chem., 1988, 31,
226.
51. V.F. Shealey, C.A. Krauth and W.L. Laster, J .  Med. Chem.,
1984, 27, 664.
52. D. Schmahl and H. Druckerey, Naturwissenschaften, 1956,
43_, 199.
53. W. Davis and W.C.J. Ross, J, Med. Chem., 1965, 8_, 757.
54. W.C.J. Ross, J. Chem. Soc., 1949, 183.
55. A. Gilman and R.S. Philips, Science, 1946, 103, 409.
56. S. Fabricain, M. de Nardo, C. Nisi, L. Morasca, E. Dolfini
and G. Franchi, J. Med. Chem., 1976, 19, 639,
57. Sociedad Espaniola Especialidades Farmaco-Terapeutics Span.
ES 526.194 (1985); Chemical Abstracts, 1987, 107, 7385.
58. K.K. Misiura, R.W. Kinas, V.J. Stec, H. Kusnierczyk,
C. Radzikowski and A. Sanoda, J .  Med. Chem., 1988, 31 , 226.
59. L.S. Lin, B.A. Teicher and A.C. Sartorelli, J. Med. Chem.,
1980, 23_, 1237.
131
60. R.V. Brockman, Cancer Res., 1963, 7_, 129.
61. S.M. Kupchan, M.A. Eakln and A.M. Thomas, J. Med. Chem.,
1971, 14, 1147.
62. N. Brock and N.J. Hohorst, Naturwissenschaften, 1962,
49, 610.
63. G.H. Known, K. Maddison, L. Locastro and R.F. Borck,
Cancer Res., 1987, 47, 1505.
64. S. Shibata, Y. Ogihara, N. Tokutake and 0. Tanaka,
Tetrahedron Lett., 1965, 18, 1287.
65. Y. Ogihara, Y. Iitaka and S. Shibata, Tetrahedron Lett.,
1965, 18_, 1289.
66. Y. Ogihara, 0. Tanaka and S. Shibata, Tetrahedron Lett.,
1966, 25, 2867.
67. S, Shibata, Chem. B r ., 1967, 3_, 117.
68. Shimonaka and Hiroyuki, Gifu Daigaku Igakubu Kiyo, 1978,
26 (1), 96 (Japan); Chemical Abstracts, 1978, 89,
100741 y.
69. K, Kovac, E. Bohmerova and F. Fuska, J. Antibiot., 1978,
31 (6), 616.
70. F. Fuskova, B. Proksa and J. Fuska, Pharmazie, 1977, 32_ ( 5 )
291; Chemical Abstracts, 1977, 87, 127020 h.
71. U. Sankawa, H. Taguchi, Y. Ogihara and S. Shibata,
Tetrahedron Lett., 1966, 25, 2883.
72. W.I. Taylor and A.R. Battersby, "Oxidative Coupling of 
Phenols", E. Arnold and D. Dekker, London and New York, 1967.
73. D.J. Hinchliffe, Ph.D. Thesis, University of Liverpool, 1969.
74. G. Buchi and J.C. Leung, J .  Org. Chem., 1986, 51, 4813.
75. C. Jutz, Adv. Org. Chem., 1976, 9_, 225.
76. A. McKillop, F.A. Madjdabadi and D.A. Long, Tetrahedron
Lett., 1983, 24, 1933.
77. F.L. Benton and T.E. Dillon, J .  Am. Chem. Soc., 1942,
64, 1128.
78. J.F.W. McOmie and M.L. Watts, Chem. Ind. (London),
1963, 1658.
79. M. Node, K. Nishide, K. Fuji and E. Fujita, J. Org. Chem.,
1980, 45, 4275.
80. H.W. Dorn, W.H. Warren and J.L. Bullock, J. Am. Chem. Soc.,
1939, 61_, 144.
81. A, Kreuchunas, J. Org. Chem., 1950, 21, 910.
82. R.A. Hill, G.S. Macaulay and W.S. MacLachlan, J. Chem. Soc., 
Perkin Trans. I, 1987, 2209.
83. J.P. Clay, J. Org. Chem., 1951., 16, 892.
84. H. Oka, K. Asahi, H. Marishma, M. Sonada, K. Shirator,
Y. Limura, T. Sakur, J. Uzawa, S. Iwadora and N. Takahashi,
J. Antibiot., 1985, 38, 1100.
85. T. Suzuki, H, Oka, A. Okura, K. Asahi and N. Takahashi,
J. Antibiot., 1986, 39, 869.
86. T. Imura, T. Sakurai, K. Asahi, N. Takahashi and H. Oku,
Acta. Cryst. Sect, C, 1984, 40, 2058.
87. B.J. Walker, "Organophosphorus Chemistry", Penguin 
Harmondswirth, 1972, 54.
88. F.A. Carey and R.J. Sandberg, "Advanced Organic Chemistry, 
Part B : Reactions and Synthesis", Plenum, New York and 
London, 1977, 56.
89. I.L. Finar, "Organic Chemistry, Volume 1 : The Fundamental 
Principles", 6th Edition, Longmans, London, 1973, 771.
90. A.M. Blyth, Ph.D. Thesis, University of Glasgow, 1989.
91. A.J. Birch, B. Moore and R.W. Richards, J. Chem. Soc.,
1962, 220.
92. E.E. Smissman and A.N. Voldeng, J. Org. Chem., 1964,
29_, 3161.
93. D.G.F.R. Kostermans, Rec. Trav. Chim. Pays-Bas, 1951,
70, 79.
94. T.C. Bruice and D. Piszkiewicz, J. Am. Chem. Soc., 1967,
89_, 3568.
95. C. Weygard and G. Hilgetay, "Preparative Organic Chemistry", 
Wiley, London, 1972, 132.
96. Fieser, "Reagents for Organic Synthesis", Vol. 12, J. Wiley, 
New York, 1986, 310.
97. G.M. Kosolapoff and L.B. Payne, J. Org. Chem,, 1956,
21, 413.
98. K. Auwers, Leibeg’s Ann, Chem,, 1915, 408, 212.
99. von J. Herzig, Leibeg's Ann. Chem., 1920, 421, 290.
100. H.B. Henbest, J.A.W. Reid and C.J.M. Stirling,
J. Chem. Soc., 1961, £, 5243.
101. R.S. Marmor, J. Org. Chem., 1972, 37, 2901.
102. G.B. Henderson and R.A. Hill, J. Chem. Soc., Perkin Trans I,
1983, 2595.
